eect a 
== 
a 
—— es 
See 
—— ee 
—— 
— 
- wees 
| eee 
ore 
ed 
ed 
Sees 
ees 
oases 


DEVELOPMENT PLAN 


NORMAN WELLS, N.W.T. 
LIBRARY 


AUG 2 1 4Q74 


Prepared by 


Wows Prancl & Associates 
Consulting Engineering Ltd., 


for the 


Government of the 


Noxrthwest Territories 


June 1974 


nvironmental-Social Committee Information Canada 
Northern Pipelines Cat... (NO~, -R57-4077 975 
Task Force on Northern Oil Development 

Report No. 74-28 


©Crown Copyright reserved 
Available by mail from Information Canada, Ottawa, KlA 059 
and at the following Information Canada bookshops: 


Halifax 
1683 Barrington Street 


Montreal 
640 St. Catherine Street West 


Ottawa 
iJji-S later Street 


Toronto 
221 Yonge Street 


Winnipeg 
393 Portage Avenue 


Vancouver 
800 Granville Street 


or through your bookseller 

Peice Ganada- $99.00 

Price other countries: S600 

Price subject to change without notice 


Catalogue No.: R57-40/1975 
information Canada 
Ottawa L975 


INA Publication No. QS-1598-000-EE-A1 


The data for this report were obtained as a 
result of investigations carried out under the 
Environmental-Social Program, Northern Pipelines, 
of the Task Force on Northern Oil Development, 
Government of Canada. While the studies and 
investigations were initiated to provide information 
necessary for the assessment of pipeline proposals, 
the knowledge gained is egually useful in planning 
and assessing highways and other development projects. 


This report is advisory to the N.W.T. Government, 
it is not final and will be subject to review with the 
community council. All dollar figures contained in the 
report are subject to normal financial constraints. 


ALASKA / rere ) — 
/ i ( Inuvik ; 
F : Arctic: 
McPherson ® Red River NORTHWEST TERRITORIES 
) = . 
} a © 
a 
= < 
@ Fort Good Hope 
) 
a => 
‘ 2d 
‘ Norman Wells 
YUKON TERRITORY qs = tae 


Fort Norman 


Se Oe 


Wrigley 
ge 
9 
i. Fort Simpson @ 
ae =, Providence 
| Whitehorse ] Ba 
rene: ed oa i 
ae one ‘ tae 2 
ALASKA BRITISH COLUMBIA | ALBERTA 
0 100 200 Miles 
ES ss es | 


LOCATION MAP—NORMAN WELLS 


Digitized by the Internet Archive 
in 2023 with funding from 
University of Toronto 


https://archive.org/details/31/61114838824 


RESUME EN FRANCAIS 


Ce rapport contient le plan d'aménagement .proposé pour 
l'agglomération de Norman Wells, T.N.-O. L'auteur y expose 
certaines caractéristiques de la localité et en décrit les 
dimensions futures et l'aspect physique. On y trouve égale- 
ment des constations et des conclusions relatives Aa la 
croissance et au développement de 1l'agglomération par suite 
de certains travaux de mise en valeur exécutés présentement 
dans le Nord. 


L'histoire de Norman Wells différe de celle de la plupart des 
agglomérations plus anciennes des Territoires du Nord-Ouest. 

Au tout début, ce n'était pas un poste de traite et, par 
conséquent, il n'y avait ni mission, ni détachement de la 
Gendarmerie royale, ni services gouvernementaux. Norman Wells 
a d'abord été une ville pétroliére. En 1920, la société 
Imperial Oil y découvrit du pétrole et, plus tard, y cons- 
truisit une raffinerie qui fonctionne toujours. Aujourd'hui 

la population change par suite de la mise en place de services 
et a cause d'autres activités reliées a4 1l'exploration dans le 
Nord. L'activité Economique va sfirement continuer de s'accroitre 
dans le Nord. Norman Wells, située au milieu de la vallée du 
Mackenzie, a donc un role important a jouer sur le plan des 
services et des transports, notamment en raison des travaux 

qui découlent des découvertes de gisements de pétrole et de gaz 
ainsi que des activités d'exploration. 


Ce rapport expose les antécédents Gconomiques qui constituent 
les facteurs de croissance de Norman Wells. I1 renferme une 
analyse de la croissance démographique a prévoir en raison 

de circonstances et des divers développements. I1 évalue 

les besoins d'espace physique de l'agglomération afin 
d'atteindre la croissance envisagée. Finalement, l'auteur 
étudie les autres types d'agglomération qu'il est possible 
d'aménager pour faire face a l'expansion prévue. 


Etant donné que le lotissement urbain actuel, borné par le 
fleuve Mackenzie et par les installations déja existantes, 

se trouve limité dans son expansion, et a4 cause des piétres 
conditions de terrain de la région, il était évident que 

le choix d'un nouvel emplacement pour cette agglomération 
devrait @tre sérieusement 6tudié. Des photographies aériennes 
ont 6té prises dans la région avoisinante afin de déterminer 
toutes les possibilités d'emplacement d'une nouvelle agglomération. 
Parmi les lieux possibles, on en a choisi un qui offrait la 
meilleure solution du point de vue accés, avantages pour le 
transport et les installations industrielles et conditions 


propices de terrain. Des études préalables du sol ont alors 
G@té faites et elles ont confirmé le fait que l*endroit se 
préte 4 l'aménagement d'une nouvelle agglomération. 


L'auteur propose trois autres plans d'aménagement dont deux sont 
basés sur l1'aménagement complet du lotissement urbain actuel 
avec des possibilités de débordement dans une nouvelle région 

ou dans la région ot se trouve actuellement l'aéroport, le 
troisieme propose l'aménagement immédiat d'un nouvel 
emplacement. I1 expose les avantages et les inconvénients 

de chaque plan et il décrit les modes possibles de développement. 
Pour chque 6ventualité, il présente un programme d'aménagement 
et en indique le cotit approximatif. Pour chacun des plans, il 
fournit également des prévisions qui illustrent l'ampleur des 
dépenses a engager jusqu'en 1983 pour exécuter le programme 
d'aménagement, quel que soit le plan adopté. 


En conclusion, l'auteur estime que le plan le plus avantageux 
pour assurer l'aménagement et 1l'expansion soutenus de Norman 
Wells consiste a orienter le développement résidentiel et 
secondaire de l'agglomération vers un autre emplacement. 

Celui-ci présentera des avantages esthétiques, fera le raccor- 
dement avec la route et sera protégé de toutes interférence 
aérienne. Il y aura assez d'espace pour une expansion illimitée, 
et l'aménagement pourra &6tre planifié de maniére a @établir des 
relations convenables entre ses diverses parties. 


Comme Norman Wells est une agglomération relativement jeune 
avec une population assez nouvelle, on n'y est pas trés attaché 
a l'emplacement actuel du lotissement urbain. Puisque la 
plupart des terres et des @édifices sont sous le contrdéle du 
gouvernement, il y aura peu de problémes 4 se déplacer vers un 
nouvel endroit. Les services d'eau et d'égotit devraient é6tre 
installés dans une zone qui procurera des espaces suffisants 
pour une expansion ultérieure. La zone actuellement occupée 
par des batiments résidentiels serait plus propice 4 1'établis- 
sement d'industries légéres, et les installations déja 
existantes en faciliteraient grandement la vente. 


Grace aux meilleures conditions du sol offertes par le nouvel 
emplacement proposé, des batiments, des rues et des services 
pourraient @tre construits au meilleur prix possible. Le 
plan proposé permettrait l'aménagement voulu pour faire face 
a l'expansion probable des vingt prochaines années au cofit le 
Plus: bas, soit environ $1370007000° (cout de suin 1974). 


Enfin, l'auteur recommande 1'exécution prochaine, au nouvel 
emplacement, d'études techniques, de relevés topographiques 

et d'études détaillées du sol afin de mieux définir sa 

Situation et d'établir des paramétres. La planification et 

la conception des services et des rues devraient 6tre entreprises 

le plus t6t possible; la construction selon un calendrier permettrait 
d'occuper les premiers batiments au plus tard en 1976. 
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A ie INTRODUCTION 


This report presents the proposed Development Plan for the 


community of Norman Wells, N.W.T. 


Terms of reference for the report, established in July, 1973 by 
the Government of the Northwest Territories, Department of Local 
covermment, are included in Appendix A. The work was done in 

association with Makale, Holloway and Associates: Ltd., Town and 


Regional Planning Consultants. 


thas neport deals with the future size and physical form of 
Norman Wells and with certain aspects of the present community. 
Peepresents our findings and conclusions on the qrowth and 
development of the community as a result of specific resource- 
related developments now occurring in the north. The report 


covers several basic items: 


1. Economic background which establishes the factors 


stimulating the growth of the community. 


2. Population analysis indicating the various levels of 
growth anticipated in connection with individual 


developments and circumstances. 
3. Existing conditions and recommendations for improvements. 


4. The physical space requirements of the community to 


accommodate the expected growth. 


5. The alternative forms of community which may be con- 


sidered in order to cope with the expected growth. 


6. Implications of adopting each alternative for development 


of the community. 


7. Proposed design concepts for several alternative areas of 


growth. 


Because of the unique situation at Norman Wells, where phys- 
ical limitations of the existing townsite impose restrictions 
On the Ultimate’ saze Of the community in ies present location, 
it was necessary to consider several alternative forms for 

the community. The pros and cons of each of these alterna- 
tives have been presented, and an order-of-magnitude cost 
comparison has been made. 

After full consideration of all factors involved, the most 
favourable plan for the continued development of Norman Wells 
has been selected and its adoption and implementation re- 


commended. 


eons 


1h Be PREVIOUS STUDY WORK 

In this study, efforts were made to avoid duplication of 
study work done by others, except as appeared necessary due to 
changed conditions or requirements. Previous work is catalogued 
here for the purpose of providing specific references and back- 
Ground to the current Study. 


I> 1970: “Permafrost in Canada, Its Influence on Northern 
Development", (Roger J... Brown, publashedyby Unaversaty 
of Toronto Press.) A comprehensive analysis of perma- 
Frost.— its, onigin, definitiomand occurrence, § Includes 
a review of existing conditions and past experience at 
Norman Wells. 


2. 1970: "Planning Report and Development Plan, Norman 
Wells, N.W.T.", (Makale, Holloway and Associates Ltd.) 
This study analyzed the existing community in 1970, 
with emphasis on its physical form and the improvements 
needed. The report presented a short range plan for re- 
Organizing and consolidating the development of the 
community. 


3. 1970: ;" Engineering Report), on Norman Wells; N.WiT.7; 
(Associated Engineering Services Ltd.) This report 
was intended to complement the Planning Report by 
Makale, Holloway and Associates. Its purpose was to 
develop a short and long range plan for the settlement 
from an engineering point of view and to set priorities 
on the program. 


A256 A972: "Supplement toy 1970 Report on, Normans Wellst;, 
(Associated Engineering Services Ltd.) This report was 
intended to update and expand upon the previous engineering 
meport,of 197-0. 


53 L973. se! Report.on engineering Study of Sewage Disposal 
Facilities at Norman Wells, N.W.T., (W.J. Francl and 
Associates Consulting Engineering Ltd., for Environment 
Canada). This report presented an analysis of the 
feasibility of a sewage disposal system, with construct- 
ion recommendations, cost estimates, and methods of cost 
apportionment. 


6. 1973: "Solid Waste Management in the Canadian North", 
(Stanley Associates Engineering Ltd., for Environment 
Canada). This report and the two which follow are part 
of a program of the Solid Waste Management Division of 


Os. 


da 2 


L973 (continued) 


Environment Canada of inviting selected consultants to 
identify possible approaches to collection and disposal 
of solid waste in the north. 


ous "Solid Waste Management in the Canadian North", 
(Underwood, McLellan and Associates Ltd., for Environment 
Canada). 


SNE Shes "Solid Waste Disposal in Communities of the 
Northwest Territories”, (University of “Toronto, 
Department of Civil Engineering, for Environment 
Canada). 


9.735 "Granular Materials Inventory, Norman Wells, 
N-W.T., Community? Study Area”, (PEMCAN Services ‘72%, 
for Department of Indian Affairs and Northern Development). 
An investigation of the availability of granular 
material deposits within a ten mile radius of Norman 
Wells. 


Lo7s: "Mackenzie Valley Social Impact Study", (Gemini 
North Ltd.). A study on the effects upon communities 
within the area of influence of proposed and predicted 
developments concerning oil and gas related activities, 
including pipelines, in the Mackenzie region. This study 
examined the impact of proposed development in the 
Mackenzie Valley on the settlement of Norman Wells, and 
included population growth projections for the settlement 
tor g3c0:. 


1974; "Report on Engineering Study, Land Fill Project, 
Norman Wells, N.W.T.", (Department of Public Works of 
Canada, Western Region, Design and Construction Branch). 
A study on the estimated cost of developing the proposed 
extension of the settlement of Norman Wells by utilizing 
material from hydraulic dredging in the Mackenzie River, 
and the alternative cost of filling from conventional 
borrow sources. 


p US Es ECONOMIC BASE 

Norman Wells has a different historical background to most 
longer-established communities in the Northwest Territories; it 
Woes wnOt started as a trading post and thus such elements aa a 
mission, R.C.M.P. detachment and government services were formerly 
lacking. Rather, the community started as predominantly a company 
Powne. £h 1920 Imperial Oil discovered oil in this’ location and later 
established a refinery which still operates today. The composition 
Of the population is now changing through the establishment of 
services and other activities related to narthern exploration. 
The basic activities affecting the growth and future development 


of Norman Wells are outlined below. 


ae FISHING, BUNTING AND TRAPPING 

Norman Wells is mainly populated by skilled labour from 
southern Canada. The native population is very small and thus 
hunting or fishing is not significant in the community's economy. 
Some tourists travel to the area and hunt for sport and there are 
some local guides that will assist these tourists; however, again 


citseis Insignificant... 


may OTL AND GAS 

The Imperial Oil refinery was established during the 
Second World War. In 1952 the refinery's production was about 
300,000 barrels per year. In 1969 part of the plant was modern- 
ized and the capacity increased. Presently production averages 


SOUC darrell s of crude o1l perm day or abou 1,000; 000 barrels of 


crude per year. The crude oil is light weight and of low viscosity 
eno thus ddeal for the cold elimate. The majority of production 
comes from the islands in the river. In the summer the crude is 


barged across to the refinery and in the winter is piped over the 


ice; thus during freeze-up and break-up the supply is interrupted. 


The products are regular gasoline, jet fuel, northern diesel 
fuel and some heavy diesel. Most of the products are used to 
the north (Inuvik) while some heavy oil is sent to Yellowknife 


and Hay River. 


In the last several years, the world energy situation has had 
an impact on oil and gas exploration. Discoveries made in 

the Canadian Arctic are now greatly in demand as a result of 
fuel shortages in North America and elsewhere. After the first 
Mackenzie Delta discovery, the pace of exploration quickened. 
Norman Wells is an important transportation centre and base 


peat for many of the exploration f1ems, 


ce TRANSPORTATION SERVICES 

An important activity of the community is the provision 
of transportation services. Presently air and water are the two 
main modes of transportation. Those two handle many thousands 
of tons of freight each year and employ a Erge portion of the 
population. In addition, a great number of helicopter -firms 
provide transportation for men involved in exploration. The 
Mackenzie River is presently an important transportation corridor; 
moreover, the valley is a corridor through which pipelines may 
be Vaid in order to carry o1) and netural gas ta their markets. 
The construction of gas and oil pipelines will stimulate econ- 
omic activity around Norman Wells. The Mackenzie Valley is also 
the route for an all-season highway that is presently being 
constructed. Norman Wells is the mid-point along the Mackenzie 
and thus 14 will have the opportunity to act as’ a Lransportation 
and service centre for activities connected to discoveries of oil 
and gas, for servicing the pipelines, and for serving the high- 


way. The highway is tentatively schedule for completion by 1978. 


Norman Wells will be a centre for road maintenance crews, serving 
a length of highway fifty miles in each direction from Norman 
Wells, and employing approximately twenty men. In addition, 


increased travel and travel services will. have to be provided. 


Canadian Arctetc Gas, a consortium of 28 companies, has carried 
out extensive studies on the technological and environmental 
problems of constructing and operating a gas pipeline in the North. 
Tiey are now Satisfied that a natural.gas pipeline could be Ia id 
in all conditions from Prudhoe Bay to the Mackenzie Valley and 
South Of the Mackenzie Valley corridor into Alberta to a point 
northwest of Calgary at Caroline. Here it would divide into two 
with a trunk extending southwest and the other south. The pro- 
posed pipeline will comprise more than 2,500 miles of 48-inch 
pipe as far as Caroline and 42-inch pipe thereafter. The facil- 
ities would be capable of delivering 4 billion cubic feet of gas 
per year. (The Geological Survey of Canada estimates that there 
are 100 trillion cubic feet of potential reserves in the north 
available for the pipeline.) The consortium filed an applicat- 
HoOnMmetor onstruction in carly 19/4. If constriction Starts as 
planned in 1976-77 gas from the Delta could be flowing by 1978-79. 
The construction labour force is expected to peak at approximately 
8,000 men. The line will be probably constructed in 100-mile 
sections. A crew of approximately 700 men will be required for 
eachesection. After construction of the S5 billion project 
approximately 200 people will be permanently employed in servic- 
ing the line in the Northwest Territories. There will be two 
Major centres, one in Fort Simpson, and the other in Inuvik. A 
third centre at mid-point (which we presume to be Norman Wells) 
will employ approximately 50 workers. 

In addition to the gas reserves there are oil reserves in the 


hectic. The timing of an oi] pipeline is presently uncertain, 


With the great demand for oil and the continuous exploration of 
the North, however, it is quite possible that an oil pipeline 
will be constructed in the Mackenzie Valley. The construction 

and operation of the line should have similar expansionary effects 


on the economy as the gas pipeline. 


Economic activity in the North will evidently greatly increase in 
the future years. Norman Wells as the mid-point of the Mackenzie 
Valley thus has the opportunity to act as a transportation and 

service centre for activities connected to discoveries of oil and 


gas and other exploratory activities. 


NB POPULATION 
The economic base analysis indicated growth in Norman Wells 


resulting from three major developments, i.e.: 


1) The construction and operation of the 
Mackenzie Highway. 


2) Thess construction andhoperationvot the Canadian 
Arctic Gas pipeline through the Mackenzie 
Valley. 


3) The construction and operation (at a presently 

undetermined time in the future) of an oil pipe- 

line from the Mackenzie Delta again running 

through the Mackenzie Valley. 
Norman Wells will assume, therefore, a triple role. The highway 
will require a major maintenance centre for operation of the 
highway (which we assume will be Norman Wells) serving at least 
a 100-mile stretch centred on the settlement. The gas pipeline 
requires three operational centres in the Mackenzie Vailey, one 
of these in a central location; that centre will most reasonably be 
Norman Wells. Although no data or other plans are as yet available 
concerning the construction and operation of the oil pipeline, it 
is assumed that its characteristics would be similar to those of 
the gas pipeline requiring similar number of personnel in the 
Operation and maintenance and hence having similar effects on 
population growth. That population growth again should be centred 


at Norman Wells. 


The present population of the settlement is a little under 450 
persons (permanent population) with a transient population in 
addition of »etween 50 and 100 persons. In assessing the impact on 
the community of the developments outlined above, we see the pop- 
ulation being within 20 years between four and six times the present 


level. Our estimates were based on several basic factors: 


1) That there would remain in the community a permanent 
level of population similar to that at present and 
associated largely with the basic economy of the 
settlement as it is today, i.e., employment in the 
Imperial Oil refinery, airport and associated operat— 
Lons, exploratory activities) and’ the: service octtpat— 
ions linked to these. 


2) That each of the three major developments - the 
highway, the gas and oil pipelines - would generate 
a certain level of what we term "basic" employment 
which would remain in the community after construct- 
ion operations have ceased. 


3) That in turn there would be additional service or 
"non-basic" employment generated by the additional 
demands of the basic work force and their depend- 

Snes. 

The addition of all population increments resulting from the above 
developments resulted in population estimates for each five years' 
period for the next 20 years. In producing these estimates, we 
assumed that by 1978 construction of the gas pipeline would be 
underway and that by the same time the Mackenzie Highway would 

be operational. We assumed further that by 1983 the pipeline would 
be fully operational. In the absence of any other information we 
assumed that the oil pipeline would be under construction by 1988 


and would be fully operational by 1993. 


We produced two estimates of population in order to assess the 
impact and the demands created by these activities. The first 
estimate took into account only the three major developments dis- 
cussed here. It is apparent, however, that in addition to those 
developments there will be additional activities in the Norman 
Wells "region" associated with continued exploration and growing 
use of the transportation network. Beyond the initial estimates, 
therefore, we projected an increment of population resulting from 


these other activities. The resulting population estimates are 


presented below. They include both permanent population and 
estimated transient population which the community must also 


house and provide with services. 


Projected Pop lattonah/oa-. ooo 
1) Low Projection 


Year Permanent Transient % Growth Per 

Population Population Total 5-Year Period 
No. % No. % 

i eS)ES) 444 8 1e3G 100 18.4 544 

Eo S 820 71.4 325 1,143 LLO0 

L933 Ay lee 80.4 270 eZ 2039 

1988 DoS Bore 320 1g gue) 38.4 

1993 i (spl e) 83.4 S20) AAS Sy eS 


2 ida Projection 


1973 444 81,6 Oe 18.4 544 

od se e016 323 Neher 146.1 
PIGS. ay oae 2/0 di iew ee oh5T5 2) 
1938) 727.3,34 320 2,654 46.5 
IRS} S oie Weavers) a2 27985 de esa) 


A more detailed derivation of population growth projections is 


contained in Appendix B. 


Wis EX STING: CONDIELONS 
A. Land Use 

Land usés within the existing community are illustrated on 
Plate I. Examination of the community revealed certain signif- 
icant features. The Town is elongated following the Mackenzie 
River, stretching over a distance of about 3 miles. The 
settlement is divided physically into three areas by large vacant 
areas and is linked only by a single major spine road. The 
area is bounded on the north by the Norman Wells airport and on 
the west by the Imperial Oil Reserve. The three separate areas 
are: 


I) In the west - the Imperial Oil Refinery and 
associated residential and ancillary develop- 
men, iInGluding = reckeation: Cenvure,. munrss ng 
Station, company Store ands churen- 


2) Approximately in the centre of the settlement - 
the Ministry of Transport (MOT) housing area 
with local public and administrative offices, 
including the RCMP headquarters, CNT offices 
and the settlement's only public store. 


3) The most easterly development contains uses 
ancrllary Eo "“thervairport operation, Ove Inciudes 
semi-permanent housing provided by the motel and 
a recently-developed mobile home park. 

The underdevelopment of the community gives it a generally 
disheveled appearance and this is contributed to by unmade 
streets and poor maintenance of some yards. Most houses are 
well-maintained while yard maintenance varies, most being well 


cared for. 


The pattern of development has several major disadvantages: 


5) 


Excessive travelling distances and hence reliance 
on vehicular transportation, which is~reflected an 
high vehicle usage. Within the settlement, in mid- 
DA¢3, there were. the following vehicular and assoc- 
lated registrations: 


= jt/lseperators” Jicences 

~ 8 restricted licences 

- 101 ordinary vehicular registrations 
= 18 commercial vehicles 

-: 3 public service vehicles 

- 10 rental vehicles 

- 50 motorcycles, and 


- PA cera) ers 


ime scatter of community facilities .— recreation, 
school, administration and health facilities - renders 
them inconvenient to particular segments of the 
community. 


Theresis “no -realedcentre and thus Mhighwdensitytmror 
the community. 


The adjacency of the refinery and housing provides 
an unsatisfactory physical and visual environment 
for many residents. 


If continued, this pattern of development could 
possibly lead to the growth of three subcommunities 
with no sense of identity with each other or any 
interdependence. 


Arising out of this examination several recommendations can be 


made for improvement: 


a) 


2) 


an attempt should be made to consolidate the 
community if development is considered on the 
existing site. This would be done by infilling 
of the vacant land between communities. 


Eventually the Imperial Oil housing should be 
relocated to a more satisfactory environment. 


3) Public and social facilities should be centralized 
to make them conveniently accessible to all residents 
and to provide a "central core" development to give 
some sense of identity and place to the settlement 
(including relocated new community hall). 


4) There should be segregation of residential and 
industrial and other incompatible non-residential 
land uses to reduce the detrimental effects of these 
on adjoining housing. 


5) The Land Use and Development Controls presented in 
Appendix I should be adopted and enforced to 
control all development in the community. 


There are several constraints on development of the existing site: 


I) The first barrier is the Mackenzie River itself, 
which means that development must take place 
either northwards or west and east along its banks. 


2) The airport reserve is primarily an ownership 
barrier. There is need for adequate separation 
between the area used for aircraft handling and 
Ene Residential community “bor ene sproueetron sand 
safety of residents and for the minimizing of 
disturbance from noise. CMHC recommends an area 
free from development extending 2,000 feet either 
side of the runway. Within that area no develop- 
ment would be considered for mortgaging purposes. 
In Norman Wells, however, taking into account local 
conditions we feel this restriction should not be 
applicable if development on the present site is 
justified by other conditions. Firstly, there are 
fewer flights than would be the case with a major 
airport, particularly jemeairerare Llignts, and 
hence lower noise levels than would otherwise be 
the case. Secondly, there is extremely limited 
land available which makes any artificial restrict- 
ions on land availibility a matter of serious 
concern. Thirdly, noise disturbances can be over- 
come through proper housing insulation. 


3) The Imperial Oil reserve and the refirery present a 
definite physical barrier to the west. 


4) Beyond the airport the land slopes away from the 
river for a distance providing a difficult drain- 


age situation and compounding potential servicing 
problems. 


5) Poor surface soil conditions and poor drainage present 
local development problems on the existing site. 


All of these constraints must be taken into account in the future 
planning of the community since they do restrict the population 
and development capacity of the land. 
B. Housing Conditions 

The previous housing survey consudcted in 1969 showed the 


following housing provision: 
- 45 single-family dwellings 
- 10 two-family dwellings 
- 5 single quarter dormitories, and miscell- 
aneous living quarters attached to non- 
residential uses. 
By fall of 1973 some changes had taken place in the distribution 


of housing and there was an increase in the total housing stock. 
There were a similar number of single-family dwellings but more 
two-family dwellings and additional mobile homes. The structural 
conditions of these were revealed by a visual survey and are 
indicated in the following table and on the Building Conditions 


plan,» Plate 2’: 


Housing Conditions 
Housing Type 


All Single - Two- Mobile 

Housing Family Family Homes 
Structural 
Condition No: % No. % No. Se No. % 
Good 50 54,9 pas 556 f) SHS 6! 18 F2n0 
Fair 35 38.5 Le, Shee 12 Sh oll 6 24.0 
Poor 6 6.6 3 Cie 7. 2 5 if Ae 
Total 91 ral oy eae 


The field survey revealed few problems in terms of the quality 
of housing. More than half of the housing units are in good 
condition and capable of relocation. Of the 35 houses in fair 
condition some may not be suitable for moving and if this is 
considered should be the subject of more detailed examination. 
Six houses should be replaced as being substandard. A further 
survey was carried out in fall of 1973 for the Northwest 
Territories Housing Corporation and this indicated comparative 


figures with regard to housing conditions as indicated below. 


Housing Conditions 


Good 56 
Fair 26 
Poor 2 


The number of dwellings requiring repairs was estimated to be 29. 
If all of those dwellings were assumed to be in fair condition and 
the repairs were carried out then presumably all housing other than 
the poor dwellings could be made physically capable of being moved. 
This ignores the economic practicality of moving because of such 
factors as substantial investment in utilidor systems serving the 


dwelling. 


C. Community Facilities 
1. Educational 


The existing school plant consists of four portable class- 
rooms linked as one unit. It has three teachers and accommodates 
grades one through eight. No adult education is available. The 
school has no gymnasium although one room is used as an activity 
room. The site itself is inadequate for expansion and is poorly 
located in relation to much of the community. Although the amount 
Of open land area is not so critical since it is unusable much of 


the winter, the small area (less than 2.5 acres) does place limits 


on its use for outdoor recreation for both school children and 
the community. The playground is poorly developed and gravelly. 


It has some basic play equipment - teeter-totter, climbing bar, 


two slides and swings. 


The inadequate physical facilities and the lack of education 
beyond grade eight cause certain social problems. Many families 
leave town rather than send their children away to hostels in 
distant centres for education from grade nine onwards. This 
precludes the building up of a stable community with a balanced 
social structure. The lack of building and land area also limits 
the ability to provide additional programs. The principal need, 
therefore, is for a new school and larger, better developed school 
Site to provide usable play area. The provision of education 

for more grades than only up to grade eight should be seriously 
considered in order to encourage proper community development. 
The school should be located on a new site more central to the 


existing community and allowing for possible expansion. 


2. Health and Protection 

The range of health facilities has declined since 1969. At 
that time there was a resident doctor and hospital service in 
the Town. This was taken over by the Federal Department of 
Health in 1972 and is now merely a nursing station with a staff of 
two nurses. This provides school clinics, baby clinics and 
immunization facilities. A doctor visits from Inuvik once monthly, 
a dentist once each six months and an eye specialist once yearly. 
Seriously ill or injured are flown out for treatment in Edmonton 
or Inuvik by scheduled flights or in emergency by charter planes. 
Police protection is provided by cne RCMP constable. In 1972 
police protection became permanent year round (previously the 


officer resided in the Town only part of the year.) 


Fire protection - there is no overall protection for the whole 
Town. Imperial Oil has its own fire system with an old water 
tanker truck. The Company has three fire crews trained primarily 
to deal with refinery fires. MOT and Imperial Oil each have 
their own fire chief and this could lead to a lack of coordinat- 
ion. There is a central control system, however, which is 
operated automatically or manually from the airport. The two 
systems rely on volunteer fire brigades. There are trained 
personnel at the airport - four men, one being fully fire-trained. 
NCPC has protection within the generating plant for electrical 


fires. Fire protection is limited by the available water supply. 


oe eReECreation 

Outdoor recreational facilities are poorly developed within 
the Town. In the MOT housing area there is a small children's 
playground with a sandy surface and with minimal equipment - 
climbing bars, teeter-totter, slide and sand pit. The school 
grounds provide some children's play equipment but it is generally 
a poorly surfaced gravelly area unsuitable for children's play. 
The major facilities are located in the Imperial Oil area - a 
curling rink and recreational building (which was to be closed 
in late 1973) a tennis court and volleyball court, and some open 
space. There is also a children's playground with two slides, 
two teeter-totters, climbing bars, swings, merry-go-round, and 
two sand pits. A new community hall has been built north of the 
spine road north of the MOT area. This cost approximately 
$90,000 to $100,000 with the townspeople donating labour and 
materials. Imperial Oil Ltd. gave $5,000 for the community hall 
and donated the games room which was to be joined to the new 
community hall for possible use as a community library or meeting 
room. A Lange of activities is available, including curling, 
badminton, movies (twice weekly), cross-country skiing, and a dance 


bi-weekly. 


There is a need to develop better recreational facilities more 
centrally located for access to the bulk of the community. 
these could most Satistactoriity. be developed in conjunction 


with the school play fields. 


Ds status of Local Government 

Norman Wells is primarily dependent on the senior govern- 
ments for its financing of day-to-day operations and Capital 
development. In our examination of the community we anticipate 
that the settlement will develop as a sizable community with a 
fairly broad economic base. As such a community, Norman Wells 
should have more control over its own destiny and over its own 
development. We recommend, therefore, that the settlement be 
incorporated as an independent municipality. 
Recently the settlement was assessed but as yet there is no 
history of local taxation on the assessment base. In view of 
that, and also in view of the substantial growth anticipated, 
it is impracticable to assess the future viability of the 
community in fiscal terms. This could better be done once it is 
established what physical form the community might take, i.e., 
which alternative form of development as presented here is 
adopted. The basic criterion, however, should be to make the 
community, as far as possible, dependent on local revenues 
deriving from a broadened and diverse economic and thus assess- 
ment base. The achievement of that should form a major 


faGlor inetne. consideration of incorporation, 


Ee. Engineering Analysis of EXisting Services and Facilities 
ia Wacer Supply 


The existing water supply for the community of Norman 
Wells is provided by Imperial Oil Ltd. The source of water is 
a low dam and intake on Bosworth Creek where it passes through 


the oil refinery complex. The dam consists of steel sheet 


piling, backed by rock riprap, combined with a short bridge 
which crosses the creek at this point to provide access to oil 
wells and facilities to the northwest. The reservoir behind 
the dam has a maximum depth of about ten feet and a length of 
approximately 500 feet, providing minimal storage to allow 


settlement of sediment. 


An intake pipe leads to a wet well in the small pumphouse adjacent 
to the dam. The service pump, having a Capacity of GOO US 

gallons per minute at 150 foot head at a speed of 2,000 rpm, is 
powered by a natural gas fueled engine. The pump is presently 
operated at approximately 1,750 rpm with a discharge volume of 

300° to. 350 USGPM at 65 psi. A 750 USGPM at 90 psi electric 
submersible pump in the wet well provides standby capacity. 

Water treatment facilities, located in the refinery area, consist 
of two Permutit sand bed pressure filters, rated at 168 USGPM, and 


gaseous chlorination. 


A second intake and pumping facility, located on the‘Imperial 

Oil dock in the Mackenzie River, is used to supply process cooling 
water and water for steam boilers. Thus, the Bosworth Creek 
supply is used only for domestic purposes. In an emergency 
condition, or in the event of low water or freezing off of the 
Bosworth Creek intake, Mackenzie River water can be pumped into 


the domestic mains. 


22) Water Distribution 
Water is delivered by Imperial Oil, in a heated above- 
ground utilidor, to a meter building near the easterly edge of 
their property. There, the metered water is delivered to the 
Territorial Government, which owns and operates the utilidor 


system throughout the rest of the existing community. This 


utilidor system has been constructed Over a period of time and 
major Portions of it have been recently reconstructed. The 
newer portions consist of corrugated steel box sections, with 
the older sections being either wooden box or split corrugated 


steel culvert. 


Most of the structures in the MOT housing area were orginally 
heated by steam supplied from the Imperial Oil refinery. The 
utilidors contain steam and condensate return lines which 
orginally supplied all necessary heat for the utilidors. How- 
ever, Imperial Oil is desirous of retaining all available steam 
for their own use and have served notice that the steam supply 
will eventually be shut off. Thus, most of the houses have been 
converted to individual oil heat, and the most recent utilidor 
reconstruction project included installation of a boiler and 


circulating hot water system for utilidor heating. 


So Sewage Collection and Disposal 


Sewage from each of several groups of buildings is 
collected to one of several septic tanks, each of which dis- 
charges its effluent over the river bank into the Mackenzie 
River. Because of large fluctuations in river level, the 
effluent is usually exposed on the beach in summer. Sewage 
collecting lines are run in heated utilidors to prevent freezing. 
The lack of a unified, efficient sewage treatment facility has 
resulted in objectionable odours in the community, and the dis- 
Charge of septic tank effluents to the beaches of the Mackenzie 
River creates a health hazard. Septic tank discharges are 
carried along the southerly side of the community by the west- 
ward current, and water is drawn directly from this shore by 


natives for domestic use. The Imperial Oil river intake is also 


downstream from most of the septic tanks. Sewage from facilities 
not serviced by Septic tankstor joonnected sto ther utrlidortsysten 


is hauled by jj private contractor to the dump nearsene quarry: 


4. Solid Waste 
Solid waste, including garbage, paper, trash, car bodies 
and other rubbish is hauled by a private contractor, by Imperial 
Oily bye MeOol. 4. or by individuals to a dumpmioca ted neanrihe 


quarry, about 3.5 miles from the community. 


De LL LeCCer Lely 
Electricity in Norman Wells is supplied by Northern 


Canada Power Commission (N.C.P.C.). The powerhouse building is 
a rigid frame metal building approximately 49 feet by 60 feet. 
Power is produced by three Caterpillar diesel units of 500 kw, 
600 KW and 700 KW capacity, respectively, with a total capacity 
of 1,800 KW. Fuel storage capacity is 268,000 gallons consist- 
ing OF One 235,00 Gallom tankv and one 35,000 ‘galion tank... /[ne 
staff of three operates the power plant on a one-shift basis, 
with an alarm system installed in the residence of one of the 
operators. The Norman Wells staff is also responsible for main- 
benance Ofsthe NiCr 3c. powerplants at Fort Norman, Fort 
Franklin and Fort Good Hope which are operated by D.P.W. personnel 


One COmeartacee 


Or Fire Protection 

The community of Norman Wells has no unified fire 
protection facility. “imperial Owl has oner fire truck and one 
siialkl cChemvcai truck fOr "protection Ofs its own property. —MZ0 4 
NaS: a fire “truck “stationed at tthe adrport for -aincraLt’ fire 
protection. Both of these units are available on call to combat 
fires in other areas of the community, but there is no coordinating 
auUcHOREGCY. and such) asemire subject topriomity calls, im their own 


respective areas. 


ie Roads 


The few existing roads in the community are generally 
adequate for the local traffic which they presently carrys. the 
main connecting road parallel to the river, joining the refinery, 
the town, the airport, and extending easterly to DOT Lake and the 
transmitter site has been seriously overloaded by heavy truck 
traffic hauling fill material from the quarry. Except for local- 
ized areas of failure, the roads are well maintained and are wide 


enough for present needs. 


She Topography and Surface Drainage 


The bank of the Mackenzie River is relatively straight 
and steep at the location of Norman Wells, with a height of 
approximately 40 to 50 feet above the normal river level. From 
the top of the bank inland for about 800 feet the ground rises 
slightly, and then dips inland to a wide flat area before rising 
again to the low airstrip esker approximately one-half mile north 
of the bank and roughly parallel to it. The low ground approx- 
imately 800 feet inland from the bank is flat, poorly drained, and 
may be classified as muskeg. From the airstrip esker the land 
fucther anland dips to another lake and muskeg area. 

To the west, the area for development is effectively cut off 

by Bosworth Creek, which meanders in from the Mackenzie Mountains 
to the north. To the east, the width of the strip of higher ground 
along the river bank narrows to approximately 400 feet, and thus 


seriously limits development in that direction. 


The present community development is almost entirely located 

on the narrow strip of higher land along the river bank and 
drainage is generally adequate, although local problem areas 

are evident. The remaining underdeveloped areas are low and poorly 
drained. Two small waterways drain from the low area through 


the built-up area, and these can be developed to provide the basis 


for an adequate drainage system. 


9, Soll Types and Perinat res tL 


Surficial mineral-soil materials in the immediate Norman 
Wells area consist mostly of stratified clayey silt with lesser 
silty clay and silty fine sand that were deposited in a former 
glacial lake. The fine-grained glacial-lake sediments are over- 
lain by peat in depressions, varying in depth to as much as 6 
to 10 feet. Underlying bedrock, at depths from 15 to 40 feet, is 


predominately shales and sandstones. 


Norman Wells lies within the discontinuous permafrost zone; the 
mean annual air temperature is 21 degrees F. The ground temper- 
ature at a depth of 50 to 100 feet is 26 degrees F., and the 
permafrost is some 150 to 200 feet thick. Excess ice is common 
in fine-grained soils and its content usually ranges from thirty 


to sixty percent. 


The active layer thickness under stable vegetation varies 

from about 2 to 5 feet in well-drained and imperfectly drained 
fine-grained materials, but it is over 5 feet in sandy deposits. 
The active layer is about 2 feet or even less thick in dry moss 
Or lichen insulated peatlands. However, the ground is unfrozen 
in peatlands where there is standing water, or in poorly drained 
depressions. Unless adequate drainage is provided, ponded 
waters could cause melting of ground ice and thermal subsidence; 
in fact, thermal subsidence appears to have occurred in several 


areas already. 


OR Re SPACE REQUIREMENTS 

The population analysis indicated an eventual community 
size of between 1,900 and 3,000 persons. Substantial areas of 
land would be required to accommodate that population and its 
attendant land use needs in terms of housing, commercial and 
ancillary developments, public uses and schools and open space. 
Besides those areas, additional land would be needed also for 
new industrial development of highway service and commerical 
development associated with the community's growth. In order 
to establish the eventual physical size of the community, there- 


fore, we estimated the various land use needs in quantitative terms. 


A. Residential 
The predonimant form of housing in Norman Wells is single 
family dwellings. That situation may change, with a gradual 
trend towards apartments or other forms of multi-family dwellings 
and mobile homes, owing to several factors: 
- The expanding economy may bring an influx of 


younger married couples not yet ready or unable 
to purchase single family housing. 


- There may be an increasing proportion of the pop- 
ulation made up of young single persons and older 
persons as the community matures. 


= "Greater mobriirty of the’ population, particularily of 
skilled in-migrants. 


- Rising land, building and home-purchasing costs in- 

ducing the use of more economical forms of housing. 

Greater use of multi-family accommodation and mobile homes would 

increase the density of development, thus reducing overall land 
needs. Such increased density may be desirable, particularly if 
the existing townsite with its limited amount of developable land 


is further developed. It would enable, also, some measure of 


control over the severe climatic conditions. However, northern 
experience to date indicates, on the part of most residents, a 
reluctance to accept other than single family housing, at least 

in the initial stages of community development. For land 
estimation purposes we assumed a density of development similar 
EOuthate now current, 1.60, 35) dwelling Uni bs per Gross acre. 

That density will accommodate the new dwellings and their assoc- 
iated facilities - schools, playgrounds, roads and other incident- 


al uses. 


The current average household size in single family housing in 
Norman Wells is 3.89 persons; including single and other related 
persons would lower that occupancy rate somewhat. However, as the 
community grows and more facilities become available, we anticipate 
that the average family size will grow; families are now smaller 
Since many leave the settlement as their children reach high 
school age. For future projections, therefore, we assume that the 
average household size will be 4.0 persons. That average was 
applied also to the transient population since many of those may 
be housed in shared accommodation, whether in mobile homes, multi- 
family housing or other transient accommodation. Although the 
average household size for transient population may, in fact, be 
lower, thus indicating the need for a greater number of housing 
units, the density at which those units will be provided will 

also be higher. There is, therefore, ample flexibility in the 
land projections to accommodate both the permanent and the 
transient population. The resulting estimates are presented in 


the following table: 


Residential Land Requirements 1973-1993 


4) Low Population Projection 


Additional New Additional 
pone es Population nie ae crcoc cman 
L973 = 78 599 150 A2.9 
1978 - 83 239 60 TAS OE 
1983 - 88 Bow 133 3820 
1988 - 93 24 6 tiers s' 

a ee ee ee ES ee EE a 
Tota (3 9s 349 99.8 
2) High Population Projection 

Additional New Additional 
Period Population Units Acreage 
1973 - 78 7195 199 56.9 
1978 - 83 ANG]; 118 Siehin i 
1983 - 88 842 oy tah 60.3 
1988 - 93 oyayil 83 23 x 
Totad 2,441 oll 174.6 


The amount of land needed for new residential development over 
the next twenty years is between 100 and 175 acres, depending 

on the scale of growth of the community. If the community were 
relocated land would be needed in addition to house the existing 
population; that would amount to an additional 39 acres, giving 
a total requirement of between 139 and 214 acres. In order to 
allow flexibility in choice of housing location, and to accommo- 
date any unforeseen demand, we added 20% to these estimates, 
resulting in a total residential land requirement of between 


167 and 257 acres for a newly-established community. 


B. Commercial 

Norman Wells will require commercial development to serve 
its own permanent residents, the transient population, and 
visitors and travellers passing through the community. The 
only reliable segment on which any estimates of commercial demand 
can be made is the permanent population. The purchasing power of 
that population will be the primary determinant of rétail and 
associated business growth. Since, however, there is no reliable 
basis for forecasting the purchasing power of the new population 
because of so many as yet unknown economic factors, it is more 
satisfactory to relate commercial growth directly to anticipated 
population growth. As there will be little if any external 
trade area population, it is also reasonable to project growth 


based on the community's population alone. 


Anticipated commercial developments may be divided into two classes: 


1) "Intensive commercial" uses such as retail stores 
and offices which generally occupy the central 
commercial area of a community, and 


2} "Service trades" such as service stations and drive-in 
establishments which use land much less intensively and 
which may be located on the fringes of the central 


commercial area or in other unrelated locations. 


Our northern research indicates an average amount of intensive 
commercial floorspace per person of between 4] and 43 square feet. 
That appears high in relation to urban centres in southern Canada; 
however, it is accounted for partly by the greatly increased 
population for much of the year (transient workers and other 
visitors), and partly by the absence of any competing centres 
conveniently accessible in terms of distance, time or cost. For 
future projections, therefore, we assumed an average of 41 square 
feet of intensive commercial floorspace per capita of the perm- 
anent population. For service trades we assumed an average of 
bOesquare feet per person, similar to that in Hay River in 1969 
which then had a similar population to that we anticipate Norman 


Wells to reach. 


The amount of land area for ancillary uses - parking, loading 

areas, storage, on-site circulation and other incidental uses - we 
assumed to be provided at a ratio of floorspace to ground area of 
1:3.5, similar to the indicated in extensive commercial research 

in existing urban centres throughout western and northern Canada. 

For land areas in the service trade sector, where there is more 

open land in relation to building space, we assumed a ratio of 1:6.0. 


The resulting estimates are shown in the following table: 


Collins Bay Townsite - research of space demands in remote 
communities for establishment of new townsite in Northern 
Saskatchewan, 1972; and Hay River - examination of existing 
northern town at population level of 2,000 - 2,500, similar 
to that expected in Norman Wells. 


Commerncia PiopacesNecds LI7sealII6 


i) Low Populacirone Projection 


Retail and Associated Service Trades 
Adadzerona! Additional Additional Additional 
Period Floorspace Land Floorspace Land 
GS Cine Eee) (acs) (sq-e She.) (acs.) 
1973-78* B35 7620 ve | S200 esi 
1978-83 oe AGRO 220 0.4 
1983-88 1b) Ii Pall NRE 4,810 Oe, 
1983-93 697, Oe 70 Ory. 
WotaL 66,010 Si 167.100 2S 


2) Haigh Population Projection 


Retail and Associated Service Trades 
Additional Additional Additional Additional 
Period Floorspace Land Floorspace Land 
US Cree) (acs. ) (Sqn hea) (acs. ) 
1973-78* 41,656 363 VO LGO 1.4 
1978-83 21, 560 deed, Swe) Ory 
1983-88 32,472 2.0 ULES Pe 
1988-93 13,264 Syl 3,240 Oo 
Total 108,978 Siar 26,580 Sey 


*Including provision of space for existing population. 


By 1993 between 8 and 13 acres of fully-developed commercial 


Space will be required, more than two-thirds of this being within 


the central commercial area. 


‘oR Schools 

Norman Wells has presently school facilities to serve “only 
grades 1 through 8. As the community reaches a mare substantial 
population level, we anticipate that adequate educational fac- 
mitcies will be provided to enhance the settlements desirabil- 
Beyeds 2 place to live: and to obviate the enforced out-migration 
Sf tamilies seeking higher educational facilities. For future 
projections, therefore, we assumed school PLOVision for ali “Grades, 


Pat nrough 12), 


The ratio of resident pupils to population in remote and Fapiciy 
developing communities generally averages 300 pupilss peri O08 
population.* In Norman Wells, the ratio is 200 per 1,000,but 
this includes only grades 1 through 8. With the highway operat-— 
ing, and the community's having a more permanent nature, we expect 
that there will be lesser turnover of population than is now 
experienced in Norman Wells or other resource communities. For 
purpose of estimation, therefore, the situation may be assumed to 
be more similar to that existing in Hay River or other western 
Canadian centres which vary between 240 and 290 pupils per 1,000 
population. The ratio of pupils to population is assumed to be 
240 per 1,000; this is low, but allows for a lesser number of 
school age children associated with the transient segment of the 
population. The distribution between grades is assumed to be 


Similar to that is other northern or resource communities** as follows: 


Collins, Bay Townsite - researeh, 1973 


*kResearch for numerous development plans including Collins Bay, 


Hay River, Yellowknife, Hinton, Peace River. 


- Grades 1-6, 66.6% or 160 pupils per 1,000 population 
- Grades 7-9, 20.0% or 48 per 1,000 
- Grades 10-12, 13.4% or 32 per 1,000 


The classroom needs to accommodate the resulting numbers of 
pupils are estimated at 25 pupils per classroom. The following 


table indicates the total estimates: 


Progected soncol Population 
1) Low Population Projection 


NOs OL Pups bb rades classrooms b ne ea 
1-6 7-9 10-12 1-6 7-9 10-12 
* tah ea 
Lo73 She) ES - 2 a - 
Vo7S Vee BS) 26 6 v3 a 
E9383 ees 53 36 8 2 2 
1988 PASS a4 Bik 1 3 2 
nooo 25a 78 oul 10 3 2 
2) High Population Projection 
no- Of pupils by grades classrooms by grade 
1-6 7-9 10-12 1-6 7-9 10-12 
1973 59 Rca ~ 2 1 - 
oie G3 49 oe) 0 2 2 
19383 247 74 SO 10 3 2 
1988 B72 iis 15 G5 Se 3 
1993 425 ‘17 86 LS 2 4 
* Estimated, N.W.T. Department of Education 
** Estimated, N.W.T. Department of Education, grades 7-8 only 


KKK To nearest one 


a 


The estimates indicate that at the higher level of population 
SOOO y L993), -the community may reguire 19 elementary school 
classrooms and 9 high school (junior and senior high combined) . 
That would demand at least one larger elementary school, or sewo 
smaller, and provision for combined junior and senior high school 
Space (since it would be uneconomic and unnecessary to provide 
separate premises for the small individual classroom demands). [In 
terms of land area, we may apply currently accepted site standards 
Since, despite the limited usefulness of school playfields for 
much of the year because of weather conditions, space would be 
required for a range of recreational activities. For elementary 


school use, a site of between 5 and 7 acres iS necessary. 


For high schools, the usual needed site area including playfields 
is between 15 and 20 acres. However, with such a small enrolment, 
such a size is inessential. Economies in land, buildings and 
maintenance could be achieved if the elementary and high schools 
are grouped together in one campus. Under such an arrangement, 

a further five to seven acres would be adequate to accommodate high 
school building and open space. Alternatively, the elementary 
school space could be provided in two smaller schools, built in 
separate neighbourhoods. That would be preferable, allowing the 
smaller child to remain ina familiar environment close to home, 
endsmaintaining a more “human" scale in school buildings: in tliat 
imstance, the total school land needs would be between 15 and 21 


are Si. 


D2 Public and Quasi-Public 

As Norman Wells grows, additional space will be needed for 
public uses serving the community. These would include admin- 
Percation Offices, fire hall, police offices and the Jake. Most 


of such space would be provided in conjunction with the central 


commercial development. The amount of space required has been 
estimated based on experience SSCROGS vies indicates an average 
Of 5 Square feeu per capivea Of floouspace: fon pup Lerand quacsa— 
publie uses. The land area estimates assume that incidental space 
will be “provided avea "similar -catio torthae tor commercial mdevclop— 


menus, ise, Wes va tloorspace 20-9 Found -abear-, 


The resulting space needs, indicating a land area requirement of 


less than one acre, are shown in the following table: 


Public and Ouasi—Publre 


is) Low Population Projection 


iO oer Motel: Additional Additional 
Period Floorspace Land Floorspace Land 
Seen! (acs) (Cee pe ee) (acs =) 

1973-1978 4,100 On3 

1978-1983 bi, DOO ORS 460 On 2 
1983-1988 7,365 O.6 2,405 Onin 
1988-1993 3,050 Ory 85 Ort 

Gite by O 0.4 


2) High Populations Projection 


Total Reta. Additional Additional 

Period Floorspace Land Floorspace Land 
eeetee)) (aCseel (Saatian) (Ese) 

1973-78 5, OS® O.4 
1978-83 LeaL© O.6 25050 OeZ 
1983-88 Lo Ee) Ono oy ISS (One 
1988-93 IES pO) Heels Wh A Ses®) O 
Total (hy CAO Ox 


a ee ee ee Se 
* Collins Bay Townsite and research in connection with development 
Of plans for Sherwood Park and St. Albert, Alberta. 


Bis Recreation 

The community must provide a range of recreational activities - 
both indeor and outdoor —- to meet varying demands and needs. Some 
of those, e.g. pool hall or bowling alley, may be provided commercially 
eas part of -Ché~central-development, However, open land areas will 
be needed in addition for children's playgrounds, playfields, or 
park space. These may be provided in conjunction with school 
developiient on a joint school~community use basis, or as part of 


ane overall design of residential neighbourhoods. 


Commonly accepted standards are usually used to judge the demand or 
aaqequacy Of Open space provision. In thescase of Norman "Weble, wie 
lengthy winters and severe climatic conditions, this would not be 
entirely realistic: more reliance may be placed on indoor facilities. 
However, as evidenced in other larger communities such as Hay River 
or Yellowknife, there is a need for outdoor recreational space for 
both active sports and more passive enjoyment. For future planning, 
therefore, we estimated the potential need based on standards of 

the Parks and Recreation Association of Canada. According tohehoese, 
at least one acre of park and recreation space would be needed for 
eveuy /LOO) persons. It is recommended that only 25% of that be 
developed for active recreation. However, the actual use and design 
of open space areas could be varied in Norman Wells to correspond to 
actual demand and experience as the community grows. Estimated 


land needs are shown in the following table: 


Recrcattona ll Open Space el7 73-1995 


1) Low Population Projection 


Permanent Land Area Additional 
Population (acres) Acreage 
POs 444 4.5 - 
SRS 820 Ore aoe 
IBS Rye: fap Gah dale 2 
1988 Beery oye fe: See) 4.8 
AO)S) LiClO Toe Cea 


2) -High, Population Pro jection 


Permanent Land Area Additional 
Population (acres) Acreage 
SST Res 444 4.5 ~ 
LOLs ROLES IMO Bie 
1983 pa 15.4 Sa 
bose 2,334 DN | Ogle) 
1993 25.055 26:6 See 


E. Total Community Land Needs 


Estimates of land needs for the various ingredients of the 
community have been made in the previous sections. For the 
total community (excluding industrial development which is 
imoracticable to predict at this ee Ge highway commercial which 
will have specific site demands unrelated to the residential 


community) the total land needs are summarized below: 


TOTAL LAND NEEDS 1973-1993 


Low Population High Population 
Los US be 


SS GT Sa a a a aT SIRF aS ccc ce ae de OE ee, ee 


Residential* lo7 acres 257 acres 
Commercial Fats: 12.4 
Sechools* Eek) 2 ee) 
Public 0.4 One, 
Recreation (Mey am 2026 
hota 1 206.3 Slee 


* There is some duplication here since the residential land estimates 
include space for school sites. However, this allows some margin for 
additional space needs, e.g. church sites, utility substations, etc. 


WAAL PROPOSED? DES LEN SCONCEE ko 


A. General , 

In January 1974 an interm report was submitted which 
discussed four alternative conceptual forms for future community 
development. The first alternative was based on the original 
plan presented by the 1970 Makale, Holloway and Associates 
report. This plan had severe restrictions in terms of growth 
and proper community development and its adoption was not rec- 
commended. The last three alternatives discussed in the interim 
report were capable of accomodating the projected growth in 
population. With modifications resulting from the review of the 


iMVeerim tepor el, chese alternatives formed the bases for the thinec 


Design Concepts outlined herein and shown on Plates 3 through 6. 


By Deston, Concepe iz 


This concept encompasses the development of the 
existing site between the airport reserve and the river and east 
of the Imperial Oil reserve. The basic elements of this design 
are: 

1. Centralized, non-residential uses for optimum 
access for the Community, and including school 
and recreational area, major commercial develop- 
ment and multi-family housing. 

2. The spine road is retained as the major collector 
road linking the western and eastern parts of 
the community to each other and to the central 
area as well as to the industrial employment 


areas to west and east. 


3. Separating the airport and the residential community is 
anwMoustrigl trakric road which would Channel heavy traffic 
from the highway, the airport, and the industrial areas 
around the community rather than through it, thus minimizing 
disturbance and danger to residents. 

Sees ueOuprotect the residential area from nowse oF heavy trative 
a treed buffer strip would be retained between the refinery 
and the community and the industrial traffic road and the 
community. 

>» The capacity of this site is approximately 1,800 persons, 
which would be increased somewhat by development of multi- 
family housing , 

6. Internal streets are developed within the major road network 
giving greater privacy and Convenience Gf pedestrian and 
vehicular movement. They are laid out soas to minimize 
the lengths, Of utilidors. and the mumber softs trectcrossineas 


for economical development. 


In order to accommodate population growth beyond 1,800 persons an 
overflow area would have to be provided and this is suggested near 
to the highway where it is joined by the highway access road. A 
highway service area for local employment and convenience of the 
travelling publie would be provided adjoining that community, ‘The 
Possible form of community is illustrated on Plate 4. De entanit-c 
duplicate public facilities, although on a somewhat smaller scale 
and including school and recreational and commercial areas. The 
design illustrated could accommodate approximately 1,700 persons, 
although the size of overflow community could be adjusted and 
expanded to accommodate whatever population level results from 
future growth. The trend towards multi-family and mobile home 
living, which would increase the density of development and thus 


the capacity of the townsite, was discussed earlier. However 


all the proposed design concepts are based on a lower density but 
using a modular system Of subdivision so ehat vrareas could be econverecc 
je) multi-family or mobile home use. Those developments should form 
part of the permanent residential area with access to all urban 


fFaciiiteires, 


The relative advantages and disadvantages of this plan are sum- 

marized below: 

Pros 

Il. This pattern results in an elongated but still compact 
community with all major community facilities accessible 
and convenient to residents. 

2c. toed Natural LOuUncdIngG Of llOr Anti Ind wOrelie tems time 


community which allows some continuity and use of existing 


services. 
3. There is ready access to the major employment areas - the 
refinery and the central business district - to the future 


lhigniwey and. to The alrpore, 

4. Development in this area may take advantage of views over 
the river and the surrounding mountains. 

5. There is provision for an overflow area to accommodate further 
population growth beyond the capacity of the existing townsite, 
planned properly to avoid the creation of a Separate community. 

6. This pattern makes it possible to channel traffic around rather 
than through the community. | 

7.  <aAndustry can be well related to the highway access. road, to 
the float plane base and to the airport with ample room 
available for necessary expansion without constraints or conflicts 


imposed by adjacent residential development. 


Cons 


Ee 


Solely residential development of the site will involve re- 
location of some existing industrial uses and the meteorol- 
Ogical station with their attendant costs. 

Proximity to the airport involves potential noise and crash 
hazards. 

The site may have servicing and construction problems. 

The major employment sources - industrial and highway services 
must be located somewhat distant, adding to the inconvenience 
end costo ;uravelling to and “from work, 

There may be conflicts between industrial development and the 
airport and its ancillary facilities such as Che VOnisite- 
There may be conflicts in traffic movement between the highway 
and the airport, the refinery and community traffic. 
Water-related industry may have problems of waterfront access, 
although this is common to all solutions because of the 


topographic characteristics of the existing waterfront. 


Gre DestanmConce pine 
This is similar to Design Concept 1, although based on the 


relocation of the airport to an alternative site. This would free 

a substantial area of approximately 185 acres for further community 
development. This would increase the capacity of the existing site 

to approximately 4,500 persons, more than adequate to accommodate 

the population growth anticipated over the next twenty years. In terms 
of centralized facilities, internal street access and major road 
lengths the pattern of development proposed is similar to that in 
Design Concept 1. This concept is illustrated on Plate 5. A 

summary of the advantages and disadvantages of this approach is 
presented below: 

Pros 

1. Relatively unlimited area could be made available for 
community development. 

2. This would enable infilling and extension of the existing 
community, retaining the existing infrastructure. 

3. Residential and industrial employment areas can be planned 
adjacent to one another, minimizing time-distance to work. 

4. The expanded site has relatively better view characteristics 
than the riverside owing to greater elevation. 

Cons 

1. The airport would be relatively expensive to relocate and 
there may be disruption of service during new construction. 

2. The cleared site would need substantial upgrading in terms 
of tree planting, etc. to make it attractive, which may be 
Griticulte sand, castiy.. 

3. Both industrial and residential development would be isolate 
from the airport which provides a major communications 
service and employment source. 

4, The community is isolated from the highway. 

5. Extensive upgrading of the existing community is necessary 
so that it fits with new development. 

6. Microclimatically the site may not be as desirable as a 


new townsite. 


mg oe 


7) Design EOnCepts 3 


This alternative involves the development of a completely new 
Site for residential and ancillary community development. The 
refinery and the airport would remain as two of the major employment 
areas. Existing buildings in the present townsite would be moved 
to the new community, and the old site would be available for 
expanded industrial use. Existing utilities and pile foundations 


should make the area readily saleable. 


The site proposed is that recommended by J.D. Mollard and Associates 


see Appendix F). Results of a preliminary soils investigation 
conducted by R.M. Hardy and Associates, (see Appendix H), indicate 
that the site is suitable for the development proposed. However, 


a considerably more detailed examination of the site would be 
required before the final location anddesign of the community could 
be determined. The concept shown on Plate 6 illustrates the general 
pattern of development which would probably be followed. The 
community would adjoin another major employment area, the highway 
service area, which could be serviced from the same utility system 
as the community itself. Good access would be provided by the 
highway access road, but would involve commuting to employment for 
many of the residents. The community is designed on a cellular 
pattern to enable gradual staged expansion. Again, major community 
facilities-commercial, school and recreational - are contralized 
for optimum access. Protection for residents between the highway 


access rad and the community is maintained through retention of the 


major treed buffer strip. 


The community illustrated occupies approximately 300 acres, 255 

gross acres for residential development and 42 acres for non- 
residential development. This would have a capacity of approximately 
3,600 persons. There is also provision for future expansion which 
could be made westwards towards Bosworth Creek and further expansion 


could take place across the highway access road if that were the 


location chosen for that road. This in effect means unlimited 
capacity for development. Development may be staged according to 
need but the proposed initial stage of development could most 


conveniently take place within the major collector loop road.. 


The relevant factors for and against this alternative are 


presented below: 


Pros 

1. All employment areas are related and adjacent enabling good 
communication between them. 

2. A new site for community development provides aesthetic 
advantages ( surrounding bush, tree cover within site, extensive 
views of Mackenzie valley and mountains and isolation from 
refinery environment). 

3. Thescommunity could be properly related to, the highway which 
provides the principal access and a major employment source 
in highway services. 

4. Adequate room could be made available for unlimited expansion. 

5. The community could be isolated from any airport interference 

6, A site could be chosen which has better ground and subsoil 
characteristics and hence lesser servicing problems. 

7. %XIt is possible to preplan the community as a whole, allowing 
proper relationships between the various parts of the community. 

8. The existing townsite would be available for expanded industrial 


use. 


Cons 

1. Relocation costs would be involved in shifting existing housing. 

2. Abandonment of existing infrastructure. 

3. There would be "enforced" commuting to employment adding to 
personal costs and community costs in terms of road maintenance. 

4. Some social disruption may be experienced and there may be an 


unwillingness to move on the part of some residents. 


Oa 
’ 


Timing and phasing of any move may be difficult which may be 
Critical Hu Cerms’ Of provision and operation of adequate 
bacilerites. 

There iS a possible danger of two communities developing, 
Since it is unlikely that the Imperial Oil housing area would 
be moved, resulting in attendant social and organizational 


problems. 


Vga Vl Bae 
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ENGINEERING ANALYSIS — SERVICES AND FACTLITIES 


Commentary and Alternatives 


ue 


Water Supply 


Bosworth Creek is the only reliable source of water in 
the Norman Wells areas, other than the Mackenzie River. 
The creek drains an area of approximately 42 square miles 
(26,700 Acres) on the southerly face of Discovery Ridge 
in the Norman Range of the Mackenzie Mountains, shown 

on Plate 3. This drainage area is much larger than 
that of many comparable streams tributary to the 
Mackenzie in this vicinity because of the fortuitous 
occurence of the Kee Scarp, which intercepts several 
smaller streams and diverts them into Bosworth Creek. 
Hodgeson Lake, behind Kee Scarp, provides a limited 
amount of seasonal storage and doubtless serves to 


partially regulate the flow of Bcsworth Creek. 


Discharge measurements for Bosworth Creek are non- 
existant before 1973. In the summer of 1973 a stream 
gauging station was established by the Department of 
Bnergy, Mines and Resources, and the following results 


were obtained: 


Date Discharge — cfs 
Page roves WLS) YES) | dO) 
LS ouly ees Tae 
SPINS Me ASCs) eee, 
ty iat) 2) yes Se) 
USSR ome De 6 


Mean: TOTS 
This mean Tlow tae sequivalent to 5.92 meuion, [meer al 
Gallons per day, “Or EOeas Yearly runott Of 2. G inches 


from the 26,700 acre watershed. Ef the yearly mean flow 


is assumed to be one-half of the summer mean, the 


Yield would be 2,96 MIG/day, or 1.8 inches of annual 


run-off. 


From such a short record, it is impossible to evaluate 
tie Capacity of the stream as a water source. In water 
supply engineering practice, a number of empirical 

formulae are used for preliminary assessment of stream- 


flow when data are lacking. 


One of these, the Vermuele formula, attempts to relate 
annual runoff to mean annual rainfall and temperature 
as follows: 
Be=eRe— (ll O229R) (Ol035T. — Ones) 
where: F = annual runoff, “inches 
R = mean annual rainfall, inches 
T = mean annual temperature, 
degrees F. 

Weather records are available only from the Norman Wells 
Airport (see Appendix D), which may or may not be 
representative of the watershed. From these records, 
mean annual rainfall (R) is 13.17 inches; and mean 
annual temperature (T) is 20.6 degrees F. From these 
data, the Vermuele formula gives a value of annual runoff 


(EP) Ob pL2 i 2einehes: 


Also commonly used is the Justin formula, which in 
addition to rainfall and temperature, includes the 
slope and area of the watershed, as follows: 


2 
P= 0.934 D 0.155 
Tig 


where: F, R, &T: as above 


D = difference in elevation in 
watershed, high to low, 
feet (2,660) 


A = area of watershed, square feet 
(1.063 x- 10) 


Giving: 
FE = 5.36 ~inches 


The lower of these two empirical runoff values, 5.36 
inches, is well in excess of that derived from the 


1973 flow records. Therefore, it can safely be assumed 
that Bosworth Creek would provide a dependable supply, 
on a long term basis, of at least two million Imperial 


gallons per day. 

Population projections contained elsewhere in this 
report indicate that Norman Wells can be expected to 
have a population of approximately 3,000 in the next 

20 years. Allowing for a quite high per capita water 
consumption of 100 Imperial gallons per day, the water 
demand would be 300,000 IG/day (0.3 MIG/day). Allowing 
for a peak day of twice this amount, 0.6 MIG/day, demand 
would still be much less than the dependable supply of 


Bosworth Creek as derived above. 


However, a problem of serious proportions exists in 
planning for the continued use of Bosworth Creek as 

a water source for the expanding community. It has 

been reported that in approximately one winter out of 
four the creek freezes to the bottom at a point about 
two miles upstream from its mouth, and that for a period 
of approximately three months there is no flow in this 
lower reach. In fact, this was the case during the 
winter of 1973-74. During this period, water was pumped 
from the Mackenzie River for domestic use. Fortunately 
the Mackenzie water is generally clear during winter and 
no problem was encountered from using this source. This 
would be true as long as Bosworth Creek begins flowing 


again before ice breakup on the Mackenzie, when the 


river water would become too muddy. 


The most preferable water source for the community would 
probably be Hodgeson Lake. A low dam could be construc-— 
ted to raise the level of the lake aeons to provide 
ample storage, and quality should be excellent. Since 
the lake elevation is several hundred feet above the 
community, flow would be by gravity. However, the cost 
of constructing a long pipeline, and of protecting 2¢t 


against freezing, would make such a DrOJCCE TOOLcoOSst Ey. 


Another alternative would be the use of the Mackenzie 
River as Che sole source of water. “Ihe quantity is 
certainly adequate at all seasons and regulatory 

storage would not be required. Quality would be 
acceptable in winter, but treatment for sediment 

removal would be required in summer, and particularly 
during and immediately after spring breakup. Also, 
power would be required to lift water from river level 
to the community. A permanent intake designed to resist 


Or avoid ice damage would be costly. 


The most feasible alternative for water supply for 

Norman Wells appears to be the continued use of Bosworth 
Creek. A small dam could be constructed a short distance 
upstream from the refinery complex, at the site previously 
investigated.(4). This dam could impound a reservoir large 
enough to provide sufficient storage to serve the needs 

of the community during a three month period when the 

creek might be frozen off. Alternatively, a smaller 


reservoir could be refilled by water pumped from a 


(4) References are to previous reports listed 
in eection 1. 


es ee 


temporary intake in the Mackenzie River. 


For the satellite community overflow area envisaged 
in Design Concept 1A, a supply pipeline could be 
Construeted, from the exreting community, OG a separate 


upstream intake on the creek could be provided. 


For the new community of Design Concept 3, a dam and 
intake could be constructed on Bosworth Creek at a 
location upstream from the point where freezing might 
occur. A supply pipeline could then be provided to serve 
the refinery and any other facilities remaining at the 
existing site or they could continue to use the existing 
system. The possibility of combining the dam with the 


highway crossing should be investigated. 
2. Water Treatment and Distribution 


Available water quality analyses (see Appendix C), 
show that the Bosworth Creek water would usually 
require only minimal treatment; and treatment would 

be limited to the removal of iron, a, comparatively 
Simple process, plus chlorination and@tluoridetion. 
However, since the creek becomes turbid at higher 
stages, and since Mackenzie River water might at times 
be introduced, filters would be provided for sediment 


removal as required. 


Cormespondence with Ns C.PsCl* has contirmed the 
Commission's interest in the use of available waste 
heat from their diesel - electric generating plants 
in various N.W.T. communities to supplement heat 
required for water system operations in these communities. 


They are of the opinion that a practical waste heat 


- Mr BG. Christie, Asst General Manager —) Operations. 


N-CaPa1Ce March stO74e 


PaO ey System is highly desirable to reduce 
fuel consumption and thereby improve overall 
efficiency of both operations and provide utility 


services at the least possible cost to the consumer. 


The Commision is prepared to consider the installation 
of the necessary waste heat recovery equipment in the 
diesel plant, with the associated piping between the 
plant and the water system Supplied and operated by 

the customer. Alternatively, the customer might assume 
responsibility for the cost of installing both the waste 
heat recovery system and the associated Piping, in which 
case the Commission would apply a reduced rate for all 


heat supplied to the customer. 


Because of the varying electrical demand on the power 
system, the Commission could not guarantee the amount 
of waste heat available for supply to the water system 
at any given time. Consequently, it would be essential 
that a back-up conventional heating system be installed 


to augment the waste heat supply. 


The water treatment plant would be located as near as 
possible to the N.C.P.C. powerplant to simplify the 
installation of waste heat recovery piping between 

the two plants. As discussed above, a conventional 
heating system would also be installed to augment the 
waste heat supply as necessary. Because of the relatively 
large industrial load on the Norman Wells powerplant, 

it is probable that the waste heat would meet the need 

for heating of the water supply and utilidor system in 


all but the coldest weather. 


For adequate fire protection for a community of 3,000 


population, the Canadian Underwriters' Association 


recommends that the water system be capable of 
supplying a continuous fire flow of 1450 Imperial 
gallons per minute (IGPM) for a period of 7 hours. 
This would require a minimum storage capacity of 
609,000 gallons. Good practice would indicate the 
need for storage equal to one day's average use at 
the water treatment and pumping plant, or 300,000 
gallons. The reservoir at the intake dam on Bosworth 
Creek would provide storage of several million gallons. 
The intake pumps would have a capacity of 1,200 IGPM, 
and at least 250 IGPM could be added from storage at 
the treatment plant to provide the recommended fire 


flow. 


Water distribution under the permafrost conditions 
prevalent at Norman Wells will require heated above- 
ground utilidors similar to the existing system, regard- 
tess of the final form and location of the community. 
Considerable improvement is possible in the design of an 


integrated utilidor system, as discussed below. 


B.. Sewage Disposal Facilities 


The "Public Sewerage System Regulations", established 
by the Commissioner of the Northwest Territories on 

20 September 1972, require that all public sewerage 
systems meet certain reasonable minimum standards. 
Although certain elements of the existing Norman Wells 
system may be satisfactory, the overall system is not 


and an improved and integrated system is required. 


In a report prepared for Environment Canada, dated 

9 April 1973,(5), the proposed sewage disposal facilities 
for Norman Wells were described as follows: 

“Treatment is achieved in an anaerobic-aerobic lagoon 
system. Two primary cells would be built adjacent to 


a small lake near the west end of the airport. These 


cells would be operated in series Or parallel, and 
would provide excellent ‘primary' treatment. The 
'primary' effluent would then be discharged to the 
small adjacent lake, where further treatment would take 
place through aerobic action during the summer months, 


approximately June to October inclusive". 


"TO provide ‘secondary’ (aerobic) treatment for sewage 
collected during the winter, the lake which accepts 
flow from the two artificial cells can be dammed to 
provide winter storage of all effluent. Discharge from 
this lake would be controlled to Spring: andwitalsy iomliyy 
with the spring discharge occuring after ice breakup 
and establishment of aerobic conditions in the lake. 
Ponding would have to be sufficient to retain erght months 
sewage flow, as aerobic action in the secondary pond 
(lake) would cease during the winter months when snow 
and 1ce cover arrested photosynthesis and algae 


Growth, mecessary to the aerobic process -" 


ie 1S “proposed that discharge be to a ‘chain of small 
lakes and creeks which flow eastward. This flow is 
intercepted by a stream running from the hills to the 
north into the MackenZie River, about four mies ‘to the 
east of Norman Wells. The type of treatment proposed 
provides excellent reduction of B.O.D. and solids, and 
is more than equivalent to primary mechanical treat- 
ment. Rentetion for secondary treatment promotes 
die-off of bacteria and, probably, of viruses." 

"Odour in the immediate area of the lagoons is possible 
for a period of about one week in the spring, when the 
ice cover on the secondary lagoon is broken exposing 


anaerobie “lagoon contents to the atmosphere. immed-= 


iately upon establishment of aerobic action in the 


surface layer of the lagooned liquid, odour will be 


Ey 


diminished) tone Ginamun. 2aClimatologi cal tdava for 
Norman Wells shows wind from the north-northwest 
quadrant, (towards the mear sedge of tne Ssertlement 
from the lagoom Site)" an average ofa iwelverper 

cent of the time in the month of June, when this 
conversion would .cccur. Thecdistance trom eve edge 
of proposed development to the lagoon site 1s approx- 
imately 5,000 feet, and odours at Chis distance; 

even under unfavourable wind conditions, will not be 


Ssigniiicant.” 


"The lagoon system would be fed by a sewage forcemain 
carrying sewage from a main pumping station located 
nearythe site of the septic tank installed south of 

the new commercial centre. This pumping station, 

in turn, would receive sewage pumped and gravity- 
drained from the balance of the community through the 
ULLlidor system, “The existing mew 7, 000% garlor iseprere 
tank and outlet should be preserved and maintained to 
provide an emergency overflow, (with septic tank treat- 
ment) in the event of a failure in the main pump station 


Or Lorcenain. 


The proposed disposal facilities discussed above are 
adaptable to any of the community design concepts 
presented an this report.” “ForsDestanaconcepe. 3 ere 
new community, or for Design Concept 1A, the overflow 
area, the two primary cells would be sited on the 
northerly side of the small lake. Flow from the new 
area would be by gravity, while the force main from 
the existing community would be extended across the 
low, wet area on piling to the lagoons. For Design 


Concept. 2° the cells would be -sated southerly erctne 


lake. 


an sewage Collection system 


Water-carried community sewage collection systems 

in permafrost areas are very costly, partly because 

of the problems of combating low temperatures, Erost 
action and permafrost. Sewers, like water lines can 
be Kepu operative only if they are protected from 
freezing, and from differential movement Owing to 
frost action in the seasonally thawed layer or thawing 
Of hespermatrosu, “Enelosing ther sewer amas heared 
Wein dor 155 the best way Of ensuring, roubles free 
Operation, though these installations are expensive. 
With above ground utilidors, adequate supports to 
maintain proper alignment of pipes for gravity sewers 
are essential. In fine-grained soils with high moisture 
contents subject to thaw settlement, such as those at 
Norman Wells, piling anchored in the permafrost may 


be required. 


An alternative to the use of gravity sewers has recentiby 
been under development in the United States. This is 

a low pressure sewer concept which utilizes individual 
household storage grinding pump units. These units 
were developed as part of an overall system to meet 
Specific criteria, originally established in» 1966 

by the ASCE Combined Sewer Separation Project Steering 
Committee. The grinder pump unit was developed, tested, 
improved, field evaluated and converted into a reliable 
production design over a five-year period. Its 
reliability and suitability for the intended purpose 
have been established in extensive demonstration 
projects completed last year by the New York State 


Department of Environmental Conservation and jointly 


funded by the Environmental Protection Agency .* 


The low pressure sewer system appear to be ideal for 
use in a northern environment. Sewer mains can be 
plasti@ *pipe in diameters of 4 inches and smaller, 

thus reducing the size and heating requirements of 
utilidors. Freedom from the need to maintain contin- 
uous downward grades for gravity flow of sewage has 
Many advantages. Houses do not have to be elevated 
above weirder grades; uti lidors can, follow the ground 
suUrtace and do now require elevatrony OM Pidiigmeo scr Ose 
low areas; utilidors can be depressed at road crossings; 
subdivisions and building locations can be layed out 

to best suit topography and traftic ‘ecrrculation Tequire— 
ments with minimum consideration for utilidor grades; 
and wtilidors can be placed: On gravely iris, wacher 
than expensive piling, since differential movement 


will not disrupt pressure flow. 


The mechanical reliability of the grinder pump unit 

and the nature of the low pressure sewer system have 

been established and the necessary engineering design 
parameters documented. Because of this, the system can 
be considered available engineering technology. Therefore, 
only the economics of the pressure system versus the 
gravity system for a particular project need be considered. 
Such an economic analysis is beyond the scope of the 


x “Pressure Sewer Demonstration |. by Careirch, Hebling 
and Farrell; Journal of the Environmental Engineering 
Division, Proceedings of the American Society of 
Civil Engimeers,; Vol> 00, NorbE!, February, 19745 


present study, but should be made during the preliminary 
design stage prior to any future expansion of Norman 
Wellcos This analysis would also consider other alter-— 
natives to gravity sewers, such as pneumatic and 


vacuum systems, 


ae Verlidor System 


The existing utilidor system at Norman Wells was 
constructed over an extended period of time and 
various portions of it have been reconstructed or 
Prenabilitated, most recently in 1973. xAés long as 

an ample source of heat was available in the form of 
steam from the refinery, insulation was not of pri- 
mary importance. Now, however, steam will soon be 
unavailable and the steam and condensate lines will 
either be removed from the utilidors or converted to 
Other uses. “in the future, heat forthe uti lador 
system must be provided from other sources at increased 
eost and-improved insulation of the utilidors will 


be essential. 


Onesiacvor in the high cost of past utibider construc— 
tion has been the relatively high proportion of field 
labour required. Recent developments in the design and 
construction of insulated and heated utility systems, 
both in Alaska and in northern Canada, hold promise for 
reduced cost and improved performance. The U.S, 

Indian Health Service is engaged in a program for the 
improvement of water and sewer services in many native 
communities in Alaska, for which they have developed 

an insulated pipe consisting of a polyvinylchloride 
Diastac Parlier pipe. surrounded (oy so scoprugated 


aluminum culvert with the annular space filled with 


foamed-in-place urethane insulation which is used for 
essentially all water distribution and sewage collection 
lines. * ~The Sizes of “Ene diner “carrier. pipe and oucer 
protective pipe ‘can be varied’ to provide the needed 

flow Capacity and Correct amount. Of insulation. “More 
than one Carrier pipe can cexplaced withinga sige 
Outer pipe, and either electric heat Capes Or Separace 
pipes Tor circulating: NOl waberm Neaving -cam, be prov ried: 
This system has been adapted for use in the mmy con- 
struction Camps now being constructed for the petroleum 


industry throughout the North. 


A decided advantage of this insulated pipe system - 
cabled “Ger brouce yy vaethor (tai tae Ohm yee 
developers - is that the pipe sections, usually in 
twenty foot lengths, are fabricated to order in the 
manufacturer's plant and delivered to the jobsite ready 
tO anstall. Field ftabour 1s thus greatly reduced and 
problems with material shortages are practically elim- 
inated. Special fittings such as elbows and branches, 
cleanouts and manholes can be prefabricated to suit the 
Pareletlewr anStalieeron., i inte “ubiirdiet. — syvsten 

would be particularly adaptable to the low pressure 
sewer system discussed above, though it would be equally 


Suitable for use with gravity sewers. 
6. Solid Waste 


The existing dump site is locatéd adjacent to and down- 


=“ “Design and Construction Of ePractical Santeat ion 
Facilities for Small Alaskan Communities", by 
William lL. Ryan, U.S. Indian Health Service: Vin 
PERMAFROST: The North-Amerileany Contribution. to-cene 
Second International Conference, National Academy 
of Sciences, Washington, Cas IS es 


hull trom the quarry, about 3.5 miles from Norman 
Wells, as shown On Plate 3. In its present condition 
the dump is a potential fire hazard because of the 
large amount of combustible waste deposited therein. 

7G 2S an a torested area and no clearing has been done. 
A fire on the dump, whether started accidentally or 
purposefully, could easily spread and cause a serious 
Ferest fire. Because the waste cannot oe burned during 
much of the vear, windblown debris is spread over a 


wide area. 


A report prepared for Environment Canada, dated March 
tis, (i)jy, contains an excellent discussion of the pros lence 
of solid waste management in the North. The report 
recommends that solid waste either be hauled to a sanitary 
landfill site for disposal where soil and permafrost 
Gondirions are suitable: or hauled to a central Sszoracge 
area for processing either by incineration or baling. 

If baling is performed, the bales mav be temporarily 
stored on Site until disposal can be conveniently done 

at. a landfill site that meets land use regulations. 

Ph anecirceration 1s the process, the residue sromlwd ve 


nauled to an approved landfill site. 


The referenced report also recommends a pilot program 
ana further studies whieh, if implemented, could result 
in developments applicable to the Norman Wells situation. 
At present, the equipment revuired for either baling or 
incineration is expensive to install and to operate, and 


in elther case a landfill site is required for witimate 


disposal, 


The operation of a sanitary jandtill under permafrost 


conditions presents many problems. These are ciscussed 


in another report prepared for Environment Canada, (6), 


which Contains the Troll lowing: 


MSanitary landfill 1s) aqacoumon form Of Sanitary waste 
disposal in the, southern urban centres of Canada... A 
properly operated landfill avoids the major disadvan- 

bages Of Open dumps. Fhe protectice cover of carth 

allows sanitary decomposition of the waste without attract- 
ing animals, prevents the breeding of disease carrying 
insects, reduces the occurrénce of strewn litter, and 


eliminates obnoxious burning." 


"However, there are disadvantages to sanitary lanfills, 

particularily in the Arctic environment. 

(a) Landfill operations require expensive earth- 
moving equipment and trained personnel to operate 
it. Operation of the equipment in extremely 
cold weather can present difficulties. 

(b) Decomposition in landfill sites is extremely slow 
ti the Arctvc, althougi at te mor pareromiarnely 
fast in other parts of Canada where successful 
landfill sites are operating. 

Cc) Landfill in Permafrost areas presents unique 
problems. There 1s a danger that pathogenic 
material frozen in the Permafrost will survive 
indefinitely to be released as viable organisms 
if the site is disturbed in the future. In add- 
tbion, “excavation of a trench will cause slumping 
in the spring and summer as the disturbed 
Permafrost melts. This may necessitate expensive 
shoring of the trench or create unmanageable 
mud holes. 

(d) Although land is plentiful and inexpensive in the 


North, the amount of available cover material is 


dimited in many locations, and an most Permafrost 
regions, the depth of the protective active layer 
is very shallow. 

(e) Water pollution is a potential problem in landfill 
areas, particularily in the North where surface 


Grainage 2S poor." 


OPOr Large municipalities, a Sanitary landfill 46 quite 
economical and easy to operate compared with some other 
methods. As the size of community decreases, however, 

the Cost per Capita Of Sanitary landfill becomes incre. — 
ingly greater because so much of the cost is fixed. Thus, 
ge is tikely that other? methods will) bes more suiteple 


fOr Meany communities iano the Nort” 


“Nevertheless, sanitary landfill does offer a possibile 
solution to solid waste disposal, and should be thor- 
oughly investigated to determine where it can be used 


Sacistacrorcitly.in the North." 


"A study should be undertaken to identify potential 
landfill sites for each community where there is suf- 
ficient cover material and where there is adequate 
depth of active layer in Permafrost regions. Consid- 
eration should be given to using old borrow pits or 
abandoned mines as disposal sites. Other suitable 
locations would be small embankments where the refuse 


can be bulldozed over and covered regularily." 


A study such as that recommended above should be under- 
taken for Norman Wells. At the present dump site cover 
material is available in the waste stripped from the 
quarry. Other sites may be created by the excavation 
of borrow pits for the proposed Mackenzie Highway. 
Operation of A sanitary landfill Should be combined in 


S single contract for collection and hauling of solid 


waste from the entire community. 


Te SE eG LabeHaty, 

The existing powerplant has ample reserve capacity 

for present conditions. | Planning bye N {Cope Cemac 

taken cognizance of the potential growth of the com- 
Munity and the plancwiell bevexpanded as snecescary 

to accommodate future demands. If development takes 
place in the proposed new site, the area would be served 


by a transmission line from the existing powerplant. 
8. Fire Protection 


Norman Wells is presently without fire protection in 

any organized sense. A local volunteer fire unit, 

with its own equipment and building, should be provided. 
This unit would provide fire protection for the communicy 
and by interchange agreement would serve as a coordinating 
agency when Imperial Oil or M,O.T. equipment was called 


upon for assistance. 


9. Subface Drainage 


Collection and drainage of surface flows, both from 
precipitation and from melting permafrost, is an item 

of major importance for the future development of Norman 
Wells. In the existing townsite, possible drainage 
improvements previously recommended by others have been 
only partially implemented. Deepening of ditches and 
lowering of culverts in several locations would be of 
benefit to the existing community, regardless of any 
future developments. In the design of any such develop- 
ments, consideration must: be given to Tacilitires tor 
surface drainage and to the scheduling Gf their construc— 


jo ee Ngee 


Proposed Improvements 


ee General 
One er che prime objectives of this report vs the 
Peeceneation Of all factors; including estimated costs, 
which enter into the decision making process involved 
wi ene selection “Of the most feasible sand desirable 
plan for the future development of the community of 
Norman Wells. Three alternative design concepts are 
presented, each of which would accommodate the needed 
development. The improvements required for implementation 
of each of these design concepts would be similar in 
nature, but would differ somewhat in their scope and 
cost. Presented herein are the improvements recommended 
for each concept, together with estimates of the approx- 


imate costs of these improvements. 


oes 


Water eoupoly 


Ele 


Existing lOowns te mand Ovenn low sALed 


The primary water supply for the existing townsite 
im Desngn Concepts Land 92 cand for che overt low 
area in Design Concept lA would come from Bosworth 
Creek. A graded rockfill dam would be constructed 
a short distance upstream from the refinery com- 
plex, at the site previously investigated, (4), 

as shown on Plates 3 and 7. Previous soils 
investigations indicate that onsite materials 
would be unsuitable for use in an earthfill dam. 
The clayey materials encountered at the site 

might be suitable for the core of a rockfrel! 
structure, except for their high morsture contenu. 
Since there would not be Surrrei1ente ime or 

enough dry weather during the short summer con- 
struction season at Norman Wells to dry this 
Material sufficiently for compaction, 26 is not 
considered useable. All the material would there- 


fOre have to be amported from the quarry . 


It is proposed that the dam would be a homogenous 
rockiail dam, in which the rock is “so placed that 
the largest fragments are on the Upstream and 
downstream faces and the average size of the 
fragments decreases until only very fine material 
is used at the centre. The correct Gradat von 
af rock could be obtained by crushing and screening 
ab the quarry.’ 1t is extremely unlikely thaec 
blasting could achieve the desired result due to 
the structure of the rock in-situ. The advantages 


Of am entirely rock filled dam are thae tne 


amount of material used would be comparatively 
small, due to the steep side slopes, and that 

any settlement due to degredation of the perma-— 
frost at the abutments could be readily accom- 
modated. Further advantages are that construction 
of a rock fill dam could proceed during the 
winter and, indeed, it may well be more economical 
LO COnSErUCcCtL such a dam during cold weather. A 
seepage cut-off would be required in the gravel 
zone below the dam. Details of the proposed dam 


and appurtenances are shown on Plate 7. 


The service spiliway would consist ot a 48-inch 
corrugated metal pipe under the easterly end 

of the dam. The entrance to the service spillway 
would be at elevation 195, approximately 25 feet 
above the level of the streambed, providing a 
minumum of 30 million Imperial gallons of active 
under-ice storage. This storage would be equiv- 
alenc to ‘a 3 month supply for a- community of 

3,000 population, and would be ample to meet the 
demand during a winter period when the creek might 


be frozen off upstream. 


In addition to the service spillway, which would 
pass all normal streamflows, there would be an 
duxilvary, spillway over the center of the dam. 
This would be a 50-foot section with an elevation 
of 197, three feet lower than the crest of the 
dam at elevation 200. “A grid @work sof welded 
reinforcing rods would be placed over the surface 
of the rockfill so that flows over the embankment 


would not displace the rock. This grid would be 


welded to rods which are anchored into the rock- 


ial lee 


The water intake and service spillway entrance would 
be combined in a single structure near the easterly 
abutment of the dam. This structure would consist 
of a 10-foot CMP placed vertically on a concrete 
foundation, A; .6O Inch CMP riser insitde this 
structure would connect with the service spillway 
pipe. Several screened gate openings would admit 
water to the annular space between the inner and 
outer pipes. The two 600 IGPM turbine intake 
pumps would draw water from this annular space. 

A small intake pumphouse would be mounted on the 
top. of the 10 Loot CMP, and would be connected 

to sche Grest of the dam by ay tootbridge.) «Ali 
water not used by the pumps would flow over the. 
top of the inner pipe riser and be discharged . 
through the service spillway. A gate at the 
bottom of this riser would allow the reservoir 

to be drained for cleaning. The combined intake 
and spillway arrangement would allow formation 

of a solid ice cover in the reservoir in winter. 
All outflow would be at a single point, thus 
assuring that the intake will remain operative at 
all times. Intake gates would be at two levels 
SO that the water Stratum of best quality could 


be used. 


The intake pumps would discharge through a 8 inch 
insulated supply main approximately 5,700 feet 
long leading to the water treatment and pumping 


plant. This main would be heated by a circulating 


hot water system, which would also supply heat to 


the intake pumphouse. 


Imperial Oil has indicated that they would like 

tO be relieved of the responsibility for supplying 
water to the community of Norman Wells. They 

also indicate that if a public water supply system 
is installed they would desire to purchase water 
for domestic use from this system. They would, 
however, continue to maintain their exustuine 
Mackenzie River Supply for refinery process water. 
Thus, this source would still be available as an 
emergency supply in case of breakdown of the 


Bosworth Creek system. 


The Bosworth Creek intake dam, complete with 
spillways, intake structure and pumphouse, and 
insulated supply main is estimated to cost 
approximately $560,000. ‘This cost would be 
applicable to both Design Concepts L-1A and 2. 

New Community 

For the new community alternative of Design Concept 
3 the primary water supply would also come from 
Bosworth Creek. However, the intake dam would be 
located at a point upstream near the new community 
site. No detailed site investigation have been 
conducted at this location, but visual inspection 
indicates the probability of exposed bedrock and 

a more favourable foundation for a dam. This site 
would probably be above the point where the creek 
periodically freezes off, and long term storage 
might met be Lequired. “Future sinvestigabrons mighe 
prove the Suitability of onsite materials for 

Mam conetruction, but this cannot be relied upon 


at this time. The supply main would be somewhat 


ae 


shorter, approximately one mile, but necessary 
ele@aring and road construction would increase 


the cost. 


Recognizing the lack of adequate data upon which 
to base a cost estimate, and considering the 
estimated cost at the downstream site, it is 
estimated that the intake dam and appurtenances 
would cost approximately the same, nearly 


2560; 000). 


A combination of the dam and the highway crossing 
of Bosworth Creek should be considered. This 


should result in some savings. 


Water Treatment and Pumping Plant 


Design Concept WandsOverllow Areal is 


The water treatment plant would provide for the 
removal of iron, chlorination, fluoridation. and 
filtration. The plant would have an ultimate 
capacity of 600,000 Imperial gallons per day, 

double the average: cansumption,) but equipment 

could be installed in increments as the demand grows. 
Storage capacity of 300,000 IG would be provided 

at the plant. site,-i1nm two 150,000 IG tanks. 


The plant would be located adjacent to the N.C.P.C. 
powerplant in order to utilize waste heat from 

the diesel generators. O11 fired boilers would 
also be installed to augment the waste heat 

supply. A standby diesel generator would be 
provided to power the heating and circulating 
system in emergencies to prevent freeze-up of the 


water system. 


Distribution pumps with a capacity of 600 IGPM 


would meet the ultimate demand on the system, and a 


1,450 IGPM diesel-driven fire pump would be 
adequate for fire protection. Crecwdatinc 
pumps for the distribution system would be 
installed in the plant. aA modern control 

and alarm system would be included to indicate 
temperatures and pressures at remote points 

in the water system and to give warning of 

any incipient freezing problems, to facilitate 


one-man operation. 


Normal water plant practice, with below ground 
concrete pump wells and buried concrete storage 
reservoirs, would not be feasible in the perma- 
frost conditions prevalent at Norman Wells. The 
Eeecatment plant building “would be @ metal trance 
Seructure resting on piling, with Separate pile 
foundations under heavy units such as tanks and 
boilers. Storage would be in insulated steel 
tanks supported on gravel pads. Metal pipes 
through the pads would provide air circulation 
in winter to help preserve the permafrost under 


the tanks. 


The water treatment and pumping plant, complete 
with storage tanks and all equipment, is estimated 
LO Cost approximately $600,000. Of this cost, 

it is estimated that approximately $150,000 could 
be deferred by delaying sonstruction of one of 

the storage tanks and installation of some of 

the equipment until late in the 20 year planning 
period. “Initial cost would then be an estimated 


$450,000. 


Design COoncepie 2 


The water treatment and pumping plant described 
above for Design Concept 1-l1A would also be 
used for Design Concept 2. The estimated costs 
would also be the same; approximately $450,000 
fOr athe intevale~ 1S tard tatoos OU. .OOO mt Os 


deferred construction (and a total OF 56007000. 


Design COnCepE ss 


The design of the water treatment and pumping 
plant, £or Design ‘Concept SG would {oe similar to 
that described above for Design Concept 1-1A. 
The plant would be located somewhere near the 
upper fringe of the new community or near the 
intake dam. Because of the slope of the site a 
gravity water system might be possible, thus 
reducing pumping costs. Because the plant 
would be separated from the N.C.P.C. powerplant 
no use could be made of waste heat from that 
source. This would reduce the initial cost 
slightly by elimination of the heat recovery 
equipment and associated piping, but this would 
be compensated for by an increase in size of the 
conventional heating system. Operating cost of 
the heating system would be increased but this 
factor would be ditticulte. to analyze ae this 


time, 


For planning purposes, no change in estimated 
cost will be made and the costs estimated above 
will also be used for this concept; approximately 
S450,000° for thesanitial inetallation- 2150-000 


for deferred construction: and a tora) on cou, 000. 


Water Distribution Mains 
a. General 

Utilities systems in Norman Wells Misty or 
necessity, be place in utilidors., It is 
difficult, theref ore, to séparate the costs 
Ory water distribution and sewage collection, 
Accordingly, discussion and Gosts of the Wet lador 
System will be treated ina subsequent para- 
graph. The present discussion will be limited 
to those water mains which would not be placed 


in common utilidors with other services. 


! oe Bese ing Townsite 


From the proposed water treatment and pumping 
plant an 8S inch insulated distribution main 
would extend approximately 1,500 feet easterly, 
as) Shown .On Plate /, to a point where at would 
join the main ulitidor system and feed the branch 
mains contained therein. This main, estimated to 
COSte approximately S75,000, would be common 


to both Design Concepts 1 and 2. 


The utilidor system in the area of existing 
housing development is gradually being upgraded, 
and would also be fed by the new distribution 
main. The existing main from the present water 
intake pumphouse would be fed directly from the 


treatment plant to serve the Imperial O1l area. 


For design Concept 3,°1t would probably be toc 
costly to provide water service from the treatment 
plant at the new community site to the Imperial 
Oil housing area and any other development which 


Might remain at ‘the existing townsite, Therefore, 


Beis econsiaereo that for this alternative the 


present water supply system would remain in 
service to supply any remaining demand in the 


existing townsite. 


Cie Overflow Area 
The overflow area in Design Concept 1A would 
receive its water supply through a main from 
the proposed water treatment and pumping plant 
in the existing townsite. This 6 inch insulated 
main would have a length of approximately 10,000 
feet and would cost an estimated $400,000. This 
cost is based on the main being supported on 
piles for one-half its length across the low, wet 
area west of the airfield, and on gravel fill 
for the remaining 5,000 feet. “A small booster 
pump station with a 50,000 IG storage tank 
would be provided to serve the overflow area, 


with a cost estimated to be approximately $100,000. 


Future investigations might show that a separate 
water intake and treatment plant could be provided 
for the overflow area at lesser costs than those 
presented above, but these estimates will be used 


for planning purposes. 


qd. New Community 


For the new community of Design Concept 3, the 
water treatment and pumping plant would be 
focated near the fringe of the community and 


no separate distribution mains would be required. 


A Sewage Disposal Facilities 


The proposed sewage disposal facilities would be as 
described in paragraph A.3., herein. They would consist 
of an anaerobic-aerobic lagoon system. Two primary 


cells, each 90 feet square at the top and fifteen feet 


deep, would be built adjacent to a small lake near 

Che west 6nd of the airfield. For Design Concepts 

tan andes the celis would be sited on the northerly 
side of the small lake: for Design Concept 2 they 
would be sited southerly of the lake. Effluent from 
ic primary cells would discharge into the adjacent 
lake where further treatment would take place through 
aerobic action during the summer months. The level 

of the lake would be raised by a small weir to provide 
winter storage of all effluent. An increase in level 
of one foot would accommodate eight months storage for a 
Popularion ofr 3,000, Discharge from this lake would 
Pemcomtrolled (to spring and fall only, with the spring 
discharge occurring after ice breakup and establishment 


OreaeropLc, Conaitions 12n the Vake. 


The cost of the two primary cells and the lake level 
control weir is estimated to be approximately $200,000, 


Whilch would be the same for either location of the cells. 


me Oewer, Trunk and Force Mains and Pumping Stations 
a. Existing Townsite - Design Concept 1 


The lagoon system would be fed by a sewage forcemain 
Carrying sewage from a main pumping station located 
near the site of the main septic tank in the exist- 
ing development area. This pumping station, in 

turn would receive sewage pumped and gravity- 
drained from the balance of the community through 
the utilidor system. The main sewage pumping 


station is estimated to cost approximately $145,000. 


The sewage forecemain would have a length of 
approximately 5,000 feet from the main pumping 


station to the lagoon site. Of this. distance, 


approximately 1,500 feet would be installed in a 


combined Uti litdor wand fos ost as nor 

estimated separately. The remaining length 

of approximately 3,500 feet would be a separate 
insulated pipe, with electric heat tracing 
provided for occasional periods when heat 

was required, estimated to cast approximately 


Sol755-000% 


A smaller sewage pumping station, estimated to 
cost approximately $95,000, would be required 

to serve the area easterly of the town centre. 
This station would also serve the airport terminal 


area and the adjacent commercial development. 


Existing Townsite = Design Concept 2 


This concept would require a main sewage pumping 
Station Similar to that for Design, Concept 1, also 


estimated to cost approximately $145,000. The 


sewage forecemain would have a length of approximately 


4,000 feet, of which about 1,500 feet would be in 
a UELLiIdor. The remaining 2,500 feet ct insul— 
ated pipe is estimated to cost approximately 
$125,000. Two smaller pumping stations would be 
required, one to serve the northwesterly portion 
of the community and one the easterly half of 
it. These stations are estimated to cost approx- 


imately $95,000 and $110,000, respectively. 


Existing Townsite - DesiquwConcept 3 


All existing residential development, with the 
posssble exception of the Imperial O11 housing, 
would be moved to the new community site. It is, 
therefore, considered that any sewer mains and 


pumping stations required to serve the Imperial 


Oil complex would be installed by Imperial Oil. 


Likewise, if such facilities are required 

to serve the airport terminal area or the 
commercial area near the airport, it is assumed 
thac these also.would be installed at no expense 
EOPLDe TN Wel) Governments, Any future light 
industrial expansion in the existing townsite would 
produce only minor amounts of sewage, which 

could be accommodated by pump-out tanks or 


individual sewage facilities. 


ad. Overflow Area and New Community 


The overt low sarea lol Desagn Concept JA and the 

new community of Design Concept 3 would be located 
at a higher elevation than the sewage lagoons, 

and sewage would flow to the lagoons by gravity. 
This would require a gravity main, insulated and 
Electrically heat traced, approximately 8,000 

feet in length. Size of themain would be the same 
in either case; only the length and discharge 
Capacity would wary with the tributary population: 


The gravity main, would cost an estimated $350,000. 


Benoge: CO ection System 


The problems involved with sewage collection systems 

in a permafrost environment and the alternatives 
available for their solution were discussed in para- 
graph A.4. herein.Sewers must be enclosed in heated 
above ground utilidors for effective protection from 
freezing. For gravity sewers it is essential that 
straight gravity grades be maintained at all times 

and rigid support by pilings anchored in the permafrost 
is necessary. For a pressure sewer system, mains would 


Be smaller in size and they could be enclosed in a 


flexible “uta duce solaced@on aldravel iii. —pir 
ferential movements would not disrupt pressure flow, 
and only periodic adjustments would be necessary to 
zorrect thermal movement of the supporting subgrade. 
For the pressure sewer system, individual grinder 
pump units would be required in each residence or 
group Of multi-family Units; but burtdings would not 
have to be elevated to assure flow into a gravity 


SyYSeeml. 


Tt is believed that the savings 12m Construction. and 
heating costs for utilvdors, plus the. reduced cost of 
building foundations, would more tham compensate for 
the cost of installation and operation of the grinder 
pump -“UNnTts The greater flexibility possible in 
Subaivision, Layout and buildinge locations (le di rereule 
to evaluate, but would be a decided advantage for the 
pressure sewer system. A detailed comparison of gravity 
and pressure Sewer systems is beyond the scope of this 
report; however, it is strongly recommended that such 
a comparison, involving engineering and economic 
analysis of all aspects, be performed before any 
commitment to either system is made, that..is, before 
any further construction of utilidors at’ Norman Wells 
other than rehabilitation of the existing utalidor 
system. This study would also consider other alter- 
natives to gravity sewers, such as pneumatic and 


vacuum systems. 


It would be difficult to estimate the overall costs 
of sewage collection, by either system, without having 
available the detailed subdivision design for each of 


the community design concepts under consideration. 


Since such detailed design would be premature until 


the final form and location of the future community 


have been determined, estimated costs for the combined 
utilidor system were determined as discussed in 


the following paragraph. 


Utilidor System 
As explained above, the overall cost of the utilidor 
system cannot be estimated prior to detailed subdivision 
design for each alternative community design concept. 
Baererore, trial designs in preliminary form Rave been 
Prepared for a hypothetical subdivision which would be 
typical of the plans under consideration. As shown in 
Appendix E, trial designs‘ and cost estimates were prepared 
for three alternatives, as follows: 

ag) "Conventional" utildar system, as used in 

EMG mMOst Pecent UELlidor reconstruction at 
Norman Wells. 

G2) "Utiliduct" system, with gravity Sewers. 

C3y "Utiliduct" system, with pressure sewers. 
To simplify this analysis, no cost has been included for 
the utilidor heat supply, since the source of heat would 
be in the water treatment and pumping plant and its cost 
has been included in the total estimated cost of that 
facility. Uikewise, no evaluation has been made of the 
vaclanle cost of Dumiding foundations, onnel the coset 
Operation and maintenance. These factors would be included 


in the more detailed study recommended above. 


The trial cost estimates derived in Appendix E were converted 
Perv cal Costas per unit of housing tor teach of tie 


three alternative utilidor systems as follows: 


Cys BGO) 
2) OO 00 
(Simrad 59700 


LOY 


For planning purposes, the highest of these estimated 
costs, $8,600) per unlit of housing) for alternative 

1, will be used as a multiplier for determining the 
estimated costs of incremental expansion of the community 


for each of the Design Concepts. 


Solid Waste 

As previously stated, the present dump is unsatisfactory 
as a disposal site for the solid waste from the community. 
Although better sites may be created by excavation of borrow 
pits during construction of the proposed Mackenzie Highway, 
the present site is the most favorable now available for 
creation of a sanitary landfill. Improvements necessary 
to accomplish this objective would include clearing of 

the surrounding area; shaping, compaction and covering 

of the previously deposited material; and stockpiling of 
at least one year's supply of covering fill. This pre- 
Pabatory work 1s estimated to cost approximately S10, 000. 

A contract should then be entered into annually for 
collection and hauling of solid waste and operation of 

the sanitary landfill. Alternatively, this work could be 


done by local government personnel. 


The equipment required for alternative methods of solid 
waste disposal, either baling or incineration, is expen- 
Sive to install and to operate. However, studies underway 
by Environment Canada could result in development of an 
improved system in the future which would replace the 


Sanitary landfill, 


Fire Protection 
A local volunteer fire unit should be formed. Equipment 
foe this. unio, Including: va, pumper Tc Ene wien aol 7.000 


gallon water tank, is estimated. to cost approximately 


$25,000. A building to house the fire equipment could 


be incorporated with a municipal building which would 
accommodate all public cffices in the community. The 
fire station portion of this structure, with an area 


of 1,500 square feet, is estimated to-cost approximately 


$60,000. 


ll. Roads 


a. 


Highway Access Roads 


It ‘1s understood that as part of the construction program 
for the proposed Mackenzie Highway, the Federal government 
will construct access roads from the highway to each of 
the communities along its route. Because of the unusual 
Situation at Norman Wells, with the residential community 
located between the Imperial Oil refinery complex on the 
west and the airport road industrial area on the east, a 
Single highway access road at either end of the community 
would result in a passage of heavy industrial traffic 
through the residential area. Therefore, it is considered 
chat previsiom Or two highway access roads), Onevae. each 
end of the community as shown on Plate 3, would be 
justified and that these roads would be constructed at 


Federal expense. 


Local Roads and Streets 


The location of the local roads and streets required to 
serve the various portions of the community would be gen- 
erally as shown on Plates 4 through 6. Horizontal 
gradients would be determined by the topography of the 
particular site, except at utilidor overpasses, but would 
in all cases be less than five percent. Roadway width 
would be 30 feet, with a 4 percent crown and 3 to 1 side 
slopes. Ditches at least one foot deep would be provided 


to carry drainage and corrugated metal culverts would be 


installed as necessary. 


Aes 


In the low-lying areas in and adjacent to the present 
townsite roadway fills would average five feet in 
height above the present land surface... In the new 
community area it is assumed that three feet of fill 
would be adequate for Vocal Crakric with loam Leen 

On the main loop road; Better foundation conditions 

in the area covered by the existing airport to be 
incorporated in Design Concept 2 would allow reduced 
roadway fills, estimated to average two feet in height. 
All £111 material would be obtained from the existing 


limestone quarry. 


On these bases, the approximate costs per foot of local 


roads sand stwveets are estimated to be as ftollows: 


Height Coste 
() )Design Conceot Prand 1A: iC ee aL per foot 
(a) Existing townsite: oF $45 
(b) Overflow area, main loop: 4! S25 
(ae) Overilow area, local: om SEAS 
(2) Design Concept 2: 
(a) Existing townsite: oe S45 
(b) Airport area: ome ome) 
(3) Design Concept 3: 
(ay) SMa loom. An S35 
(Bb) “Local: oN S25 


Subplace Drainage 


An adequate drainage system for the existing community 
should be developed as an early priority item. This 
would require improvements to several existing culverts 
and deepening of drainage ditches. Provision would 

be made where necessary to allow for flow of drainage 
from adjacent areas as they may be developed. This 
work, estimated to cost approximately Sl L000; Should 
be performed regardless of which design concept is 


selected. 


Provisions for surface drainage would be incorporated 
in the design of each phase of development for whichever 
design concept is selected, and cost would be included 


in site development costs. 


3. Lanati 1 tana Building Foundations 
as. EXiUs ting Townsite 


ihe subject of landfill for the existing Norman Wells 
townsite was extensively covered in a report prepared 
by the Department of Public Works of Canacdars hl.) wal mes 
report considered two possible alternatives for place 
ment of landfill in the first phase expansion area 
northerly of the existing townsite: Utilization of 
hydraulic fill from dredging which may be done in the 
interest of navigation improvements in the Mackenzie 
River, and of conventional borrow material from the 
existing limestone quarry. The report recommended 
that no further consideration be given to Stabilizing 
the site by the utilization of hydraulic fill; and 
that, 1£ the site is to be developed, conventional 
methods and sources of fill and embankment materials 


Heme eyed. 


Based on the site and plan of development studied, the 
report concluded that the estimated cost of landfill 

by conventional methods would average $9,825 per lot. 
For planning purposes, and considering the variation 

in conditions of the existing townsite, it is estimated 
that landfill costs would be approximately $10,000 per 
lot to provide an average depth of fill of 2% to 3 feet, 
which would develop an adequate structural strength to 


support light vehicles. 


Foundations for buildings which can withstand relatively 


DB. 


S e 


little movement, in the areas to be filled, would 

consist of steel pipe piles driven to bedrock at 

a depth of approximately 25 feet. As an alternative 

for buildings where floor loads are heavy and perhaps 
concentrated, as in garages and repair shops, and where 
elevated floors are not practical, insulated concrete 
slabs on ventilated gravel pads could be used. Buildings 
capable of withstanding some movement could be based on 
filled pads of stable material of depths not less than 


hain o we et. 


Airport’ Area 


In the area covered by the existing airport to be 
incorporated in Design Concept 2, no additional stabi- 
izing Landis lewould) be. requrved.? “Addvtiowal™ sors 
investigations would have to be made prior to design 

of butldimng foundataons, “bit tom ‘purpose of this report 
it is assumed that single-family residential buildings 
Could be constructed "on post and footing or strip 


footing foundations in this area. 


Overflow Area and New Community 


The soils investigation conducted at this site (see 
Appendix) sindicavess tnat. Ene typical soil profile 
consists of Organic soil, sometimes peat, overlying 
till, Lavyers“ot silt, “sand, and gravel are quite 


commonly found enclosed within the clay till. 


In order to ensure that a supply of water required for 
frost -heaving is not made available, the sites of all 
buildings should be graded so as to shed excess water 
from rain or snow melt as quickly as possible. Fill 
would be required only beneath structures or in parking 
or material storage areas, in addition to roads and 


strects. Costs for site grading and fille for driveway 


and pad beneath the building are estimated to be 


aporeximately 51,700) per- lot, 


For small buildings or mobile homes a suitable foundation 
waild be a gravel pad of at least two féet in thickness, 
with the building placed on top resting: onicribsecom 
blocks of wood. ' If the necessity for relevelling such 

a building at periodic intervals is accepted such a 
foundation would be quite satisfactory. However, this 
type of foundation is recommended only for small 
buildings of timber frame and no more than one storey 


taeweiqhte: 


Hor larger buildings, or where periodie levelling is 

NOL acceptabie, a pile roundation would be “Ehe bese 
solution. The minimum depth of embedment of piles 
should be 30 feet. All piles should be driven, not 
placed in predrilled holes, so that only steel piles are 
likely to be economical. Salvaged drill stem with a 
minimum outside diameter of 4 inches or thick walled 
steel pipe may be used for piling and, for exceptionally 
heavy loads, it may be economical to use steel H-piles. 
Driven steel piles would be designed on the basis of an 


allowable skin Ermictron of S00vpsE: 


PeERDOLL 


ar. Improvements 
Too syunderstood that M.O.1T. i¢ currently planning £o 


construct a new and enlarged terminal building at 
Norman Wells. A program for improving navigational 
aids is continuing. Some consideration has been given 
to an extension of the paved runway from 6,000 feet to 
BS, DOO shcet an length, and this may ue done wien traffic 
growth justifies the cost. Any improvements which may 


bemade to the Norman Wells airport will be Federal 


be 


Ieee 


responsibilities and wildinot directly: aLreer the 


funding program of the N.W.T. government. 


Relocation 


Design Concept 2 would require the relocation of the 
airport to an entirely new site. Preliminary contacts 
with M.O.T. representatives in Edmonton produced a 
negative response and no information could be obtained 
regarding possible alternative locations for the air- 
port or’ the probable cost of velocation,» Theretrore, 
for the purposes of this report the following assumptions 
are made. 
(ei) There exists an alternative site for an airport 
of the type and size required at Norman Wells. 
C2) Such a site would be readily accessible from 
the community of Norman Wells, and housing and 
other service: facilities would remain at the 
community. 
(3:) Cost Of “Construction Of (Ghe mew alrport, and cL 
relocating all facilities which would require 


relocation, would be in the order of $6,000,000. 


It must be recognized that to resolve the val- 
L101 ty of sinese acgcumptions,, that 1s, to, locate 
a suitable site and to perform sufficient 
exploration and design studies to determine 
costs, would be beyond the scope of the current 


studies. 


Soils Information 

The westerly portion of the existing townsite, the area 
north of the present residential area, has been explored 
in some detail. Test hole information for this area is 


contained in references (5) and-(11) and in Appendix G. 


EG: 


1S 


The more easterly portion of the existing townsite 
has not been investigated, but surface inspection 

indicates that soil conditions are Similar an otis 
area. Results of a prelimiary soils investigation 
of the proposed new community area are included in 


Appendix H. 


Granular Materials 


The Granular Materials LAVentOLrys (9) was! referred omn 
assessing alternative sources of borrow material for 
landfill, roadway and dam embankment. The existing lime- 
stone quarry, shown as Site NW4 in the Inventory, appears 
to be the only presently available source of such material. 
It has been reported that explorations conducted for the 
proposed Mackenzie Highway have located one or more 
potential borrow sources closer to Norman Wells, and when 
developed these may provide more economical sources 


of material. 


Schools 


Previous discussions in this report have indicated the 
range of growth in school population predicted. On the 
basis of the low population projection, there will be a 
definite need for 6 classrooms by 1978. Because the 
existing 3 room school is of temporary construction, an 
entirely new school should be planned for. This would 
include 4,800 square feet for 6 classrooms; 2,400 square 
feet for offices, hallways, etc.; and 2,400 square feet 
for a gymnasium. The latter is a much-needed facility 
which would also be useable for community recreational 
activities. The 9,600 square feet structure, at an 
estimated cost of $45 per square foot, would cost 


approximately $432,000. 


Expansion of the elementary school to 10 classrooms would 


be required by 1983 under the high population projection, 


ioe 


LS 


and by 198S“under the Low vprojyection. “Eurther expansion 
Of elementary School facilities mught wake thie -Eorm oF 
addi £10n or more classrooms: LO Che firsts senoom wor Or 
construction of @ second school." tigh sciool pepularLon 
will reach 50 aw 198S3-Se" and’ constructiow Of a high  scheel 


should be considered at that time. 


Munwerpal spurlaing 


Tt is anticipated that Norman Wells will achieve Hamlet 
status within one or two years. The additional respon- 
sibilities of local government will require adequate 
office space; also, space will be needed for public 

works maintenance and storage. This would require 

a building with a minimum area of 3,500 square feet, 
estimated to’ cost approximately S1l60,000. This’ structure 
could be adjacent to or incorporated with the fire station 


discussed previously. 


Recreation and Community Facilities 


Provision is made in the community development plans for 
adequate open space and outdoor recreation areas. These 
recreation areas would be adjacent to the school site and 
dual use could be made of any facilities provided there. 
Since this area would require filling, grading and gravel 
Surfacing to make 1t useable, funds im addition to those 
provided for the school, would be necessary. It is esti- 
mated thet. this work would cost approximately 510,000. 
While less landfill would be required in the new community 
area of Design Concept 3 than in the existing townsite 
more grading would be necessary to provide level ground 
because of the slope of the site, and costs would 


approximately be equal. 


the recently completed Community Hall, whvle central liv 


located for the present community, should be relocated 


BOs 


in the future to a site in the center of the developing 
community. Relocation of this structure, together with 
site preparation and pile foundation, is estimated to 


cost approximately $50,000. 


Proposed Development Programs 


ely 


ice 


General 

Construction of the improvements proposed above would be 
preceded by a series of engineering studies, investigations 
and design. These engineering activities, together with 
the proposed improvements, form the proposed development 


programs which follow. 


Design Concept 1-1A 
1) Engineering Studies and Investigations. 


(a) Water supply: location of damsite; geotechnical 


investigations; preliminary design. 


(b) Water treatment: preliminary design; site investigation. 
(c) Sewage disposal: preliminary design; site investigation. 
(ad) Utility study: water distribution and sewage collection; 


utilidor systems. 

(e) Subdivision soils investigation. 

(£) Topographic mapping of existing townsite and overflow 
area. 

2) 2 es Lon. 

(a) Improvement of surface drainage in existing townsite. 

(b) Water supply and treatment plant. 

(c) Sewage disposal, including pumping stations, outfall 
line and force mains. 

(ad) Planning and design of subdivisions in existing town- 
Site including streets and utilities. To be done in 
phases to suit development needs. 


(e) Planning and design of overlow area, as above. 


bE) Design of public faciilitaes, 


(g) Legal surveys, in development phases. 


Be BCOnS GUC Eon 
(a) Improvement of surface drainage in existing townsite- 
(6b) Water supply ands treatment plane: 
(c) Sewage disposal, pumping stations and mains. 
(d) SCAG etenen including streets and utilities, in 
development phases +) First piase togbe ready by-sboio. 
(e) Water and sewer mains for overflow area. 


(f)) Public racw! peres. 


Sea DeSsI Gh, COnCep ea 
1) Engineering Studies and Investigations 
(a) Water Supply: location jo£ damsite-§ geotechnical 
investigations; preliminary design. 

(b) Water treatment: preliminary design; site investigation. 
(c) Sewage disposal: preliminary design; site investigation. 
(d)} Utility study: water distribution and sewage 

COLVeECGTIOn= Util IorVsys Lema. 

Subdivision soils investigations. 


) 
(£) Topographic mapping. 
) 


(g Selection of site’ for airport relocation= sors 
investigations and mapping (by M.O.T.) 
2) Design 


(a) Improvement of surface drainage in existing townsite. 

(b) Water supply and treatment plant. 

(c) Sewage disposal, including pumping stations and mains. 

(d) Planning and design of subdivisions in existing 
townsite, including streets and utilities. To be 
done in phases to suit development needs. 

(e) Planning and design of subdivision in airport area, 
as above. 

(tf) Design of public ftacalities: 

(g) Legal surveys, in development phases. 


(h) Design ef new airport (by M.O-T.) 


$j Bonet luction 


Improvement of surface drainage in existing townsite. 

(b) Water supply and treatment plant 

(c) Sewage disposal, pumping stations and mains. 

(d) SubdIVis 1Ons;," including streets and util@ties), an 
development phases. First phase to be ready by 1976. 

(el New airport (by M.0. TS) 


(ff) Pio ce fecualy pes 


de Peston Con -ept. 3 
1) Bhgineering Studies and Investigations. 
(a) Water supply: lovzation of damsite; geotechnical 


investigations; preliminary design. 


(b) Water treatment: preliminary design; site investigation. 
(c) Sewage disposal: preliminary design; site investigation. 
(d) “Utility study: water distribution and sewage collection, 


We lVOom Set eine 

(e) Detailed soils investigation of new community area; 
final selection of sire, 

(£) Topographic mapping of new community area. 

(aio sstudy of existing bua ldings? (sebetionGol (eiesc 
suitable for movement to new community site; planning 


for movements 


2) 2UeSTon 
(al Water supply and treatment plant. 
(bp) “Sewage disposal, ineluding ouetaly line. 
(c) Planning and design of subdivisions in new community 
area, including streets and utilities. To be done 


in phases to suit development needs. 
(d) Legal surveys, in development phases. 


feye Design of public facilities. 


2n0 


3) .Constructioen 
(a) 
(by 


Water supply and treatment plant. 


Sewage disposal and outfall main 


(ec) Subdivisions; including streets and sugilreies ,.in 
development phases. First phase to be ready by 19°76. 
Cdis Weublicetact muwwes: 


uA 


RECOMMENDED DEVELOPMENT PROGRAMS 

Proposed development programs have been presented for 
each of three alternative design concepts for the future develop- 
ment of Norman Wells. It is recommended that, after a decision 
has been reached to adopt one or another of these alternatives, 
the corresponding development program, essentially as described 
herein, be accepted and adopted as a guide. This program will 
provide for the orderly growth and development of the community 
during the period of expansion which is expected to occur within 


the next several years. 


it has been shown, through population projections based 
on reasonable prediction of economic growth, that the population 
of Norman Wells may be expected to increase to approximately 1,400 
by 983, and that. further growth to between 2,000 and 3,000 should 
be anticipated by 1993. 


The recommended development programs will provide an 
improved water supply system, with adequate flows and pressure 
for fire protection. A sewage treatment and disposal system will 
be installed, with a collection system serving the entire community. 
Subdivisions will be provided in increments to accommodate expected 
growth in demand for residential lots, complete with necessary 
roads and utilities. New schools will be provided as needed; a 
fire station and municipal shops and offices will be constructed; 
surface drainage will be improved; and outdoor recreation areas 


will be created. 


The schedules of funds requirements to accomplish the 
recommended development programs, for the period through 1983, 


are contained in the Program Forecasts which follow. 


ae PROGRAM FORECASTS 
A. Design Concept Tih 
ee . 
NORMAN WELLS PROGRAM — $(000's) 
DESCRIPTION ee 
TOTAL 1975-76 |1976-77 |I977-78 |1978-79 ||979- 80 1980-81 |I98I- 82 |1982- 83 |1983- 93 
UTILITIES - WATER 
Soiltesting and Investigations 70 70 
Engineering and Design 105 70 WS 
Construction (tl 7/235))) (500) 
Water Supply Dam, etc. 560 300 
Water Treatment Plant 600 200 
Water Main, Existing Townsite 75 
Water Main, Overflow Area 500 
UTILITIFS - SEWER 
Soiltesting and Investigations 35 25 
Engineering and Design 60 40 6 
Construction (965) (415) 
Sewage Disposal Facilities 200 200 
Sewer Mains, Existing Townsite 415 2S 
Sewer Outfall, Overflow Area 350 
SUBDIVISIONS 
Number of Lots 611 25. 
Soiltesting and Investigations 320 105 60 
Mappin 110 60 50 
Engineering and Design 530 100 35 59 27 260 
Legal Surveys 110 5 20 55 
Construction _ (10,742¥ (559) |(2,074) | (1,840 (1,409) }| (1,250) (3,610) 
Roads and Streets 543 94 456 Ake) Shute) SS 306 
Landfill, Existing Townsite By 00 250 870 870 590 590 330 
Clearing & Grading, Overflow ared 444 444 
Utilidor S25 215 748 748 507 24530 
MISCELLANEOUS 
Engineering and Design 76 41 8 16 U 3! ut 
Construction (762) (75) (287) (150) (133) (67) (50) 
Sanitary Landfill 10 10 
Surface Drainage 15 iS 
Fire Station and Equipment 85 50 eS 
Elementary School 432 252 150 30 
Municipal Building 160 93 67 
Recreation Facilities 10 10 
Relocate Community Hall 50 50 
SUBTOTALS 
Mapping and Legal Surveys 30 
Soiltesting and Investigations 60 
Engineering and Design 64 65 i 3 60 Zit 
Construction (2276) I 2, 7S) Las) (67) (50) | (1,409) 
Utilities - Water 500 585 
Utilities - Sewer AS: 200 
Subdivisions 2,074 1,840 1,409 
Miscellaneous 287 50 Tees) 67 50 


TOTALS 


92 


Be Desioqn Eoncept.2 


NORMAN WELLS PROGRAM — $(000's) 


1980-81 |198l- 82 {1982-83 ||983-93 


DESCRIPTION 


1976-77 |1977-78 |1978-79 


1979-80 


TOTAL {1975-76 


UTILITIES - WATER 


Soiltesting and Investigations 50 50 
Engineering and Design 74 50 4 
Construction (e123 5)) (159) 
Water Supply Dam, etc. 560 
Water Treatment Plant 600 150 
Water Main ORS 
UTILITIES - SEWER 
Soiltesting and Investigations 28 28 
Engineering and Design 40 | 30 2 
Construction (675) (60) 
Sewage Disposal Facilities 200 
Sewer Mains 475 60 
SUBDIVISIONS 
Number of Lots lal 25 118 294 
Soiltesting and Investigations S32 108 60 164 
Mapping | 110 60 50 
Engineering and Design 556 100 59 als 20 286 
Legal Surveys 110 5 20 55 
Construction (11, 062) (5:23)) (1, 289) | (1, 200), | (4, 379) 
Roads and Streets thy, SHOly 58 192 103 519 
Landfill, Existing Townsite 4,500 250 590 590 1230 
Utilidors a a) US 507 507 21D 30 
MISCELLANEOUS 
Engineering and Design 76 41 at 
Construction (762) (75) (50) 
Sanitary Landfill 10 10 
Surface Drainage AUS) iS 
Fire Station and Equipment 85 50 
Elementary School 432 
Municipal Building 160 
Recreational Facilities 10 
Relocate Community Hall 50 50 


SUBTOTALS 


Mapping and Legal Surveys 
Soiltesting and Investigations 
Engineering and Design 


Construction 


21 20 


(17 289), (ie 200) 


Utilities - Water 
Utilities - Sewer 
Subdivisions 
Miscellaneous 


ity Sule! 1,240 


Cy eS Design Concept’ 3 


DESCRIPTION 


UTILITIES ~- WATER 


Soiltesting and Investigations 
Engineering and Design 


Construction 


Water Supply Dam, etc. 
Water Treatment Plant 


UTILITIES - SEWER 


Soiltesting and Investigations 
Engineering and Design 
Construction 
Sewage Disposal Facilities 
Sewer Outfall 
SUBDIVISIONS 
Number of Lots 
Soiltesting and Fnvestigations 
Mappin 
Engineering and Design 
Legal Surveys 
Construction 


Roads and Streets 

Clearing and Grading 

Relocate Existing Housing 
Relocate Existing Mobile Homes 
Utilidors 


MISCELLANEOUS 


Engineering and Design 


Construction 


Sanitary Landfill 

Surface Drainage 

Fire Station and Equipment 
Elementary School 
Municipal Building 
Recreation Facilities 
Relocate Community Hall 


SUBTOTALS 


Mapping and Legal Surveys 


Soiltesting and Investigations 
Engineering and Design 


Construction 
Utilities - Water 
Utilities - Sewer 


Subdivisions 
Miscellaneous 


TOTALS 


46 
70 
(E760) 


560 
600 


22 
38 
(550) 


200 
350 


696 
282 
95 
470 
95 

(9,424) 


987 
yee 
1,220 

48 
5,986 


46 
50 


22 
30 


(293) 


35 
42 


216 


NORMAN WELLS PROGRAM — $(000's) 


10 
(500) 


300 
200 


35 


(1065) 


165 
148 


94 - 


(53 


378 


3) 


80 
75 


20 
12 


(Gy Ase) 


40 
70 
610 
48 
355 


118 
50 
49 16 15 
16 
(610) (714) (659) 
EE2 55 
100 190 
610 
E02 514 
16 
16 LS 
(714) (659) 
714 659 


TOTAL 1975-76 fis76-77 1977-78 |1978-79 ||979-80 ||980- 81 |I98I- 82 {1982-83 ||983-93 


294 
117 
45 
198 
40 

(3,447) 


418 
500 


PRS PAS: 


a ie 


COST COMPARISON OF ALTERNATIVE DESIGN CONCEPTS 


A. General 


Three alternative design concepts have been presented in 


Section 1X, 


and are illustrated on) Plates 4: threugn oo, 


Proposed 


improvements and approximate cost estimates have been provided 


mor each: of 


these alternatives. * These costs -are: summarized 


below to allow an order-of-magnitude comparison of the overall 


Coste. £Or the Various: alternatives. 


Bi Design Concept =A 


i 


Rey 


ji 


Lee 


35 


14. 
es 


Water supply dam, pumphouse and supply 
main to treatment plant: 

Water treatment and pumping plant: 

Water distribution main, existing townsite: 
Water supply main and booster pump 
Station, “overtlow area: 

Sewage disposal facilities: 

Sewer mains and pumping stations, existing 
townsite: 

Sewer outfall line, overflow area: 
Utilidors-e61l Wots at $8,600) per Lot: 
Local roads and streets, existing townsite, 
22,700 feet. ate S45 per, foot: 

Main collector loop road, overflow area, 
6,400. feet atvoss) per feet: 

Local roads and streets, overflow area, 
11,900 feet at $25 per foot: 

Landfill, existing townsite, 350 lots at 
510,000 per lot: 

Site clearing and grading, overflow area, 
BG ors tats lea 00s per Lot: 

Sanitary landfill preparation: 


Fire station and equipment: 


na, ONE = 


55607000 
600,000 
TIAOCe 


5007, 00G 
200, 000 


415,000 


350,000 


5,254,600 


1, 0217200 


224,000 


297 7200 


4,900 7000 


443,700 


LOBOS 
85,000 


Surface Drainage improvements, 
existing community: 

Elementary school: 

Municipal building: 

Recreation facilities: 
Relocation of Community Hall: 


Total Estimated Cost: 


Ca epesign ConcepE 2 


ie 


LD 


Water supply dam, pumphouse and supply 
main to treatment plant: 

Water treatment and pumping plant: 
Water distribution main: 

Sewage disposal facilities: 

Sewer mains and pumping stations: 


Utiltdors: 611. dove at 38,600 perulot: 


$ 


15,800 
432,000 
L60,-000 

LODO 


50, 000 


Sid, 203 7300 


S 


Local roads and streets, existing townsite, 


25,000. teetrac S45u per soos: 

Local roads and streets, airport area, 
LZ, 1.00; Leet st isi5 per foot 
handfill, existing townsite, 450) lots 
at. SLO; 000" per Jot: 

Sanitary landfill preparation: 

Fire station and equipment: 

Surface drainage improvement, 
existing community: 

Elementary school: 

Municipal building: 

Recreation facilities: 


Relocation of Community Hall 


Total Estimated Cost: 


peevooran Concepts 
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ae 


Water supply dam and appurtenances: 


Water treatment and pumping plant: 


560,000 
600,000 
Frese 81018) 
200,000 
475,000 


37 294,.600 


Lyt25 000 


LBL 500 


4,500,000 


10,000 
55,000 


000 
432,000 
1607,,000 

PORUOo 


50, 000 


aL3;, 733,200 


$ 


560,000 
600,000 


3. Sewage disposal facilities: S 200,000 
4, sewer outfall: 450. 006 


See Ucalidors. new Housing: Sililelotrs 


ata$8, 6000 sper lot: ; 5, 24, GOO 
6% Utilidors, relocated existing Nousime: 
S35 lots, 4t. 58.600 per lot: 1345, 000 
72) Relocation of existing housing; 
Gl biutldings at $20,000 each: 1 noe 
24 trailers at $2,000 each: 48,000 


So. Main collector loop road, 195000, feet 
BUmSOS. Pemmroo tr: eee ENG) € 
Sh Local roads and streets, 26,600 feet at 
S25) per Loot: 5O57000 


HO, ‘site Cléaring and grading, 696 lots ae 


Sl, 100 sper a Vor: Ly L8SrZue 

Por Sanitary landfills preparation: LOE OID 

12. Fire station and equipment: 85,000 
13. Surface Drainage improvement, 

existing community: 15.000 

Nae Elementary school: 432,000 

157, Munrerpal -oualoding: 1607, 000 

1H. Recreation facilities: LOGO 

fie Relocation Of community hal l- 100,000 

Total estimated cost: S14 U0 


BS summary 


Arranged ian order of their iéstimated costs, the threeude rad 


concepts are as follows; 


Design Concere Estimated Cost 
1-1A ot 4 203;3 00 
2 Sl 37735500 
3 Sli, 245,800 


However, implementation of Design Concept 2 would require an 
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expenditure of approximately S64. 0007 000™£or relocation of Elie 


airport. From a cost standpoint alone, this would remove this 


plan from consideration. Thus, the comparison would logically 


be between Design Concepts 3 and 1-1lA. 


HGR ic 


X11. DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS 


A. Discussion 


This report has presented the economic background which estab- 
lishes the factors stimulating the growth of the community of 
Norman Wells. It has analyzed the population growth anticipated 
in connection with various developments and circumstances. It 
has: estimated the physical space requirements of the community 
to accommodate the expected growth. And it has considered the 
alternative forms of community which may be developed to cope 


with the expected growth. 


Because of the physical space limitations of the present town- 
Site, bounded as it is by the Mackenzie River and by other ex- 
isting facilities, and because of the poor foundation conditions 
of the area remaining for expansion, it was apparent that the 
alternative of establishing a new site for the community should 
be thouroughly considered. An office airphoto study of the sur- 
rounding area was made to identify all potential sites fora 

new community. Of the several possible sites thus located one 
was selected which provided the best balance between the factors 
of accessibility, convenience to transportation and industrial 
facilities, and favourable foundation conditions. A prelimi- 
nary soils investigation of this site was then conducted, which 
verified that it is apparently suitable for the development of 


a new community. 


Three alternative design concepts have been proposed, two based 
upon full development of the existing townsite with eventual 
overflow either into a new and separate area or into the area 
presently occupied by the airport, and the third based upon im- 
mediate development of a new community site. The pros and cons 


of each alternative have been presented and the possible forms 


of development illustrated. Recommended programs of development 


have been presented for achvalternativevand approximate 
Costs have been provided. Program forecasts have also been 
provided for each alternative to indicate the range of expen— 
ditures@xequarned in the period through 2983 to amplement the 


development program for whichever design concept may be adopted. 


Ba = Conciiis tons 

Ke us conciuded that the most. tavourable concepe for continued 
development and expansion of Norman Wells would be the estab- 
lishment of a completely new site for residential and ancillary 
community development. The new site would provide aesthetic ad- 
vantages, would be properly related to the highway, and would be 
isolated from any airport interference. Adequate room would be 
available for unlimited expansion, and the community could be 


planned to provide proper relationships between its various parts. 


Because Norman Wells is not an old established community and be- 
cause most of the populace is relatively new, there is little 
attachment to the present site. Since most be he Lands and 
buildings are under government control the problems of imple- 
menting a move to a new site should be relatively minor. As 

new water and sewer utilities will be required in any event, 
they could best be established in an area which would allow 
ample room for future expansion. The area now occupied by 
residential buildings would be most suitable for light indus- 
trial uses, and the availability of utilities should make the 


area readily saleable. 


Better foundation conditions in the proposed new site would 
ailow construction of buildings, ‘Streets and Wrilities at the 
lowest possible cost. The ultimate cost to develop the com- 
munity to accommodate the anticipated growth in the next 


twenty years would be lower under the proposed concept than 


any Other. 


Engineering studies, topographic mapping and detailed soils 
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investigations of the proposed new site should be undertaken 
as soon as possible to better define its location and to es- 
tablish parameters for design. Planning and design of util- 
ities and streets should follow at an éarly date, and con- 
struction should commence on a schedule which would allow 


induvade residential occupancy nojidater than LO7Gr 
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Gey -Reconmmendations 
Based upon the findings presented in this report it is 


respectfully recommended: 


ine That Design Concept 3, the new community, essentially as 
presented herein, be accepted and adopted as the approved 
development plan for the continued expansion of Norman 


Wells. 


2. That the development program for Design Concept 3, essen- 
tially as described herein, be accepted and adopted as 
a guide for the orderly growth and development of the 


Community. 


oe That the land use and development controls, essentially as 
presented herein, be adopted and rigourously enforced 


to-control all development i2n the communtey.- 


4. That detailed investigations, planning and design studies 
be lindertaken as Soon ase DOgsible and thac const riction 
of improvements be commenced on a schedule which would 
allow initial residential occupancy of the new community 


no later than 1976. 


—- ]0O0 - 


ARP ENDIX sare 


TERMS OF REFERENCE 


MACKENZIE CORRIDOR 


Proposed Terms of Reference for the Development Plans 


The content of the plan will consist Of the basic items 
outlined below. Tt willbe in report "torm wlthstexc, ataqmame 
and plans to fully support the recommendations and estimates which 
will be made. All information on pipeline and highway impact will 
be available to the consultant and he is whenever possible expected 
to prevent the duplication of effort with the use of such inform-— 
atron (i.e. much or all the anftormation asked ome te NOry, 24, 6,c; 
under planning analysis will be contained in impact reports 


currently underway). 


A. Base Map Preparation 
The Consultant shall update the existing Site Plans based on 


the latest aerial photography to indicate new structure or buildings 
Since added. The base maps will be used by the Consultant for 
remainder of surveys and studies. The consultant will also prepare 
such area base maps as required to carry out the intent of the Study 
(i.e. a map showing the extent of Commissioner's Land and 
conservation requirements therein). 


A detailed breakdown of mapping costs is included in Appendix B. 


Be ExXUsting Conditions Analysis 


1. Planning Analysis - | 
(a) Economic - Information on income, availability and skill 
of labour, employment opportunities, the resource base 
and development opportunities will be analyzed and used 
aS a basis for proposed physical expansion. This 
information will have a bearing on future population 


forecasts. 


LO. = 


(b) 


(c) 


(e) 


Social - Utilizing information obtained in the economic 
analysis plus additional existing information, the Con- 
sultant shall examine existing data on social conditions 
as related to schools, recreation, housing and health. 
Demographic - An analysis of the existing population 

data by age groups, sex, family formulation, Size, etc. 
shall be undertaken. Past population trends shall be 
studied and related to anticipated growth and population 
projections made on a twenty (20) year basis. These 
projections will relate to economic considerations. The 
land and facility allocations for the projected population 
shall be determined and shall serve as a primary factor in 
preparing future community plans. 

Municipal viability survey - An analysis of the physical 
and economic condition of the community as related to the 
communities ability to finance the required and proposed 
municipal services will be required. This will be done 
within the context of existing grant and capital works 
Dolce ¢ 

Existing Housing Survey -— Surveys shall be conducted to 
determine existing housing conditions, life expectancy, 
ete., through on-site inspection and by review of recent 


reports and information available. 


Land Use Considerations 


(a) 


Land wee l= An on=site inspection will be conducted t) 
accurately determine existing land uses for all 
appropriate land use categories. 

Land Tenure - A survey of existing data on leases and 
land utilization shall be made for both the: public 


and private sector. 


OS re 


(c) Land Requirements - Existing agencies, and private groups, 
shall be surveyed for their estimated future land require- 
ments based on existing or anticipated programs. ‘This 
land requirement input, along with the Economic, Social 
and Demographic Analyses shall provide the basis for 
proposed land use allocations in long range plans for 
the Community. Constraints of cost, terrain, weather, 
servicing capability md environmental factors will also 
be utilized to establish the framework of this plan. 

(d) Natural & Man-Made Factors - Based on existing studies, 
air photo interpretation, existing mapping and on-site 
inspection, natural features covering soils, mineral 
deposits, permafrost conditions, topography, drainage, 
weather, wind direction, etc., shall be examined by the 
consultant. In addition, man-made features shall be 
noted (much of this information shall be obtained from the 
existing land use survey) with particular attention given 
to air strips, roads and shoreline facilities. Both the 
natural and man-made features combined with the information 
gathered in the foregoing sections, shall be utilized 


by the Consultant in establishing future land use patterns. 


3. Engineering Analysis - Services and Facilities 


(a) Inspection of Existing Services and Facilities - Inspect 
existing services and Seyen ll ities (water supply and 
distribution, sewage collection, garbage, electricity, 
etc.) with particular emphasis on cmsting existing methods 
of operations and providing specific md general comments 
on same. The N.W.T. Territorial Water and Sanitation 


Policy establishes criteria in this regard. 
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(b) Comparison of Servicing Alternatives - Provide for 
general examination of various servicing methods 
appropriate and suitable for the community. 

(c) Sewage Disposal and Garbage Disposal - Provide for 
examination and evaluation of existing sewage disposal 
and garbage disposal methods, and where appropriate include 
recommendations for improvements (present and future). 

(d) Roads - Make recommendations on road construction 
Standards appropriate for the community (present and 
future). 

(e) Surface Drainage - Provide a surface drainage scheme for 
the community including recommendations on channel 
improvements, sizing and location. 

(£f) Soils Information - Provide soils information suitable for 
use in identifying areas which can be most economically 
developed and for purposes of subdivision design to 
encompass those areas which might be developed within the 
next 7 years. 

(g) Granular Material Services - Use the Granular materials 


report to identify and zone granular deposits. 


e Plan Preparation 


l. Concept Plan - The Consultant shall prepare a conceptual 
plan of land use, roads and community facilities. This plan 
shall indicate general land expansion requirements and suggested 
phasing: Possible alternate approaches to future development 
shall be examined in this document. 

2. Land Use Plan - Based on the Concept Plan the Consultant shall 
prepare a Land Use Plan and Report setting forth those 
recommendations (upon adoption) which shall guide public and 
private development and administration on a twenty (20) year 


basis. A special section in this report will note the 
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problems and staging for community development, should it 
appear that a boom period will last only during highway and 
pipeline development. 

3. Implementing By-Laws or Orders - The Consultant shall prepare 
Zoning recommendations consistent with the policies and land 
use categories of the plan for review and adoption. 

4. Subdivision Design - The Consultant shall prepare a plan of 
subdivision for the existing community development where 
required and a plan of subdivision for the development 


anticipated in the next Seven years. 


D. Housing and Building Standards Program 


1. Housing Needs - The existing housing survey will be related 
to projected needs and recommendations will be made to 
provide for these needs through government programs or 
private enterprise. In this regard the Task Force report 
on housing should be consulted. A special section will be 
required on projections of housing mix (includes program to 
suit family structures and unit densities) and its effects 
on the community with emphasis on the impact of mobile homes 
on the community's future development and its impact as a 
revenue producing source. 

2. Building Adaptations - Servicing Requirements and Cost 
Estimates - indication of building adaptations which may 


be required for ease of servicing with related cost estimates. 


E. Cost Estimates 
1. Municipal Services - Program Phasing - cost estimates fpr 
recommended improvements and expansion services. Provide 
recommendations on phasing for items requiring expenditures 
Of Capital, funcee Recommend a 7-year capital works program. 
A special reference should be made again to effects on 


capital requirements during the anticipated boom period. 


= “OSs 


Bes 


Ze 


(a) 


(b) 


ved) 


(d) 


Provide cost estimates for Operation and Maintenance (including 
manpower) requirements due to program recommended in number one 
above. 

Cost Estimates - Systems & Facilities - This section should 
include other public facilities that may be needed, i.e. 


Schools, roads, recreation sites, etc. 


General 


Contact will be made and maintained with the Community 
Councils to ensure their input is obtained and their require-— 
ments fully determined. 

Personal contact with local groups, agencies, firms will also 
be established to determine their requirements. 

Contact with other government and private agencies concerned 
will be made to determine their future development requirements 
and expansion possibilities or other particular interests. 
These will include Territorial Government officials, Federal 
Government officials and private groups. Most of this 
information will be available in impact studies currently 
being prepared. 

Preparation of a draft report, for distribution by the 
Government of the Northwest Territories, will be made to 
enable circulation. Replies and comments to be returned at 
any early date. 

The final general development plan would be prepared 
immediately upon completion of analysis of all circulation 


replies and discussions. 
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APPENDIX "B" 


POPULATION AND EMPLOYMENT 


Technical Appendix: Population and Employment 


The population levels of Norman Wells have been largely 
determined by economic conditions, external to the community 
itself. In the past people have located in the settlement mainly 
for employment reasons, and the term of employment has often 
been less than two years. For this reason the population has 


had little opportunity to stabilize and thus there has not been 


substantial internal growth. The population has fluctuated 
between 350 to 450 persons. In early 1973 the total permanent 
population was 444 plus approximately 100 transients. Considering 


the permanent population the ratio between males and females between 
the ages of 20 and 55 is approximately 1.7:1. THIS indicates: thet 
the town attracts males for its employment opportunities. Since 
population and employment are so closely related in this settlement 
the present employment situation will be considered. The following 
table lists the employers in the settlement and the number of 


employees. 


= ae fee. 


Table 1 Employment - Permanent 
Employer Male Female Total Part-time 


Alpine Helicopter 2) ) 
CNT > 2 
Contact Airways iL 0) 

Mid Auto Transportation 5 5 

Nahamn Air Services 6 ft Jj a 
Namion Taxi 1 1 

General Store Ze 4 

Norman Wells Transportation 14 ik 1:5 

NCPC 6) 
Northern Helicopter 3 

Pe Ben Trucking 2 
Northwood Airlines 3 
Okanagan Helicopter 3 

RCMP uy 
Nursing Station 2 
DPW Z 


Education il 2 


Mm W NO NYO FHF W WW Nh WW WW 


Environment Canada 5 


NO 
~ 
ay 
N 
00 


Min~stry Of Transport 


Transwestern A 


ke 


Imperial Oil 30 
Forezs 
Bulls 


Mackenzie Mt. Service Station 


~ 
N 


Mackenzie Mt. Lodge 
PWA 
Lands and Forest 


Bank 


PF MO WW FH oO W BP W FE 


Administration 
TOTAL 


te et RCA OO CO eNO GS 


30 voy aa 


ear 
OO 
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Seasonal Employment 


Employer Total Season (if applicable) 
Alpine Helicopter 4 
Norman Wells Transportation BS 
Pre Cambrian Mining 30 Winter 
NTCL 20 Summer 
Fisheries 5 Summer 
pret Trucking qi Winter 
Imperial Oil (barrel reconditioning) 16 Summer 
Imperial Oil (clean-up) y 
Lands and Forest =) 
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There are approximately 167 full-time permanent positions in 

the settlement of Norman Wells. In 1974 employment is expected 

to increase by 7%; employers are making arrangements to hire 
approximately 13 new permanent employees. iy addition to permanent 
employment, there is seasonal employment. This seasonal employment 
is very important; for example the Northern Transportation Company 
employs 20 people for the season, May to October. Imperial Oil 
employs 7 men for approximately 10 months for clean-up operations, 
plus another 16 men during the summer months for barrel recon- 
ditioning. The Fishery Department employs five men during the 
Summer months. In the summer there are approximately 50 men 
seasonally employed. In the winter months other types of employ- 
ment opportunities appear. Pre-Cambrian Mining employs up to 30 
men during winter operations. Dietz Trucking employs approximately 
seven people in the winter. In addition to these jobs there are 


construction activities, explorations, and other short term 


mi) | ge 


employment. There are about the same number of seasonal jobs 
in the winter and summer; however, these are not necessarily 
filled by the same men and many of the employees are transient 
workers. There may be up to 100 transients in the settlement 


at any given time. 


As discussed in the main report, Norman Wells is in a position 
Tosact as) an important transportation and service centrelan light 
Ocethe developments: that are taking place in the North. If these 
Pppot tunities sare’ taken advantage of) (igen° it proper facilities 
are provided in the community which enhance the quality of the 
Town) Norman Wells should experience considerable growth. We, 
therefore, examined the effects of development in terms of employ- 


ment opportunities. 


During construction of the pipeline there will be 6,000 men or 
more employed by the third and fourth year of construction. Each 
construction base camp would accommodate approximately 700 men. 
They would be involved in clearing rights-of-way, grading and 
levelling, ditching, line assembly, replacement, and finally 
right-of-way restoration. The construction phase may result in 
pressure on the existing town, although the construction personnel 
will not become part of the permanent population. They will live 
in camps and later move away after completion of the construction. 
However, the town should be able to benefit from the boom during 


tne Construction phase. 


The settlement of Norman Wells will be able to act as a trans-— 
portation and service centre. Pipeline employment will increase 
the income of the community and make it more financially feasible 


for businessmen to establish proper facilities for the community. 
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However, it must be kept in mind that many of these workers will be 
temporary and thus the townsmust not over-step Ttselr = kachenr, 
the town must base its long range plans upon what may be expected 


to be permanent population levels. 


Due to pipeline construction there will be a major impact felt 

on the transportation industry. The employment figure for direct 
handling is 400 men* during the peak, which would occur around 
1980 providing construction started ~an W977— ineaddze1on there 
would be about an equal number of men as support staff. Assuming 
that there are four operational centres, this would mean a peak 
support staff of 100 men per regional centre. Some of the support 
staff would be permanent and probably be in the community for some 
length of time. If the community offered proper facilities, some 
of these jobs would be filled by permanent household heads. 

After the construction phase, Norman Wells could remain an 
important transportation centre. With the construction of the 
highway, Norman Wells would have expanded functions as a trans- 
portation centre. For projection purposes, we assumed habit 


these jobs to be permanent (i.e. fifty employees). 


After construction is completed, there will be men required for 
Operation and maintenance. There will be three main centres for 
pipeline operation, the two largest being at Fort Simpson and 
Inuvik. The third centre would be at a mid-way point and employ 
approximately fifty men. In addition to direct jobs created by 
the pipeline operation, there will be an increase in production 
activity. There will also be men employed in the continued 
construction activities associated with the pipeline. For pro- 


jection purposes it is assumed that Norman Wells is selected as 


~ Mz. Hodgson, Territorial Commissioner 
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the third centre and that the number of jobs resulting amounts 
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After completion of the Mackenzie Highway, there will be men 
employed in maintenance of the road. If construction starts 

in 1975 the Mackenzie Highway should be completed in 1977-1978. 
These figures for maintenance employment are included in the 
PAO. POPULaLION projection. Norman Wells will probably be a 
maintenance centre from which crews can work in both directions. 
It is estimated that these crews will amount to approximately 
ee WOrTKePS, CO Cover a Span of fifty miles in each direction 


from Norman Wells.* 


The construction of the gas line will have an expansionary effect 
on Norman Wells. However, in addition to the gas reserves in the 
North, there are also vast oil reserves. With the huge national 
and international requirements for fuel, the oil in these reserves 
will be in great demand and there must be a means to get the 


product to market. 


Presently there is a proposal for an oil pipeline from Prudhoe 

Bay to Edmonton. The construction and operation of an oil pipeline 
appears to be similar to that for the gas line. The construction 
would peak at approximately 8,000 employees, similar to that of the 
gas line. A permanent operating organization of 600 to 700 
employees is estimated. Some of these positions will be in Edmonton 
and Fairbanks. District offices would probably be at Fort McPherson, 
Norman Wells and Fort Simpson. It will be assumed that the 

regional centre at Norman Wells will employ a similar number of men 
©°o the gas line centre. This will result in fifty employees at 


Norman Wells. It has been suggested™ that an oil line could 


* Interview with Mr. J. R. Bentley, N.W.T. Department 
ef Public’ Works. 


* Dr. Reed of the U.S. Geological Survey. 
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follow the operation of a gas line by two years. . Other sources 
are less Optimistic and 1 ie ditfticube to placeva timewpokucd 
upon these events, but by 1988 it is probable that. an oil viine 


will be in operation. 


During the construction of the gas line and highway the transient 
population will show an increase. As discussed earlier there 

will be temporary transportation workers. It has been estimated 
that 50 transportation workers are permanent and there will be 
100 transient transportation workers. In the construction base 
camp there will be approximately 700 men. Although it may be the 
aim of the contractor to provide accommodation in the base camp, 
some workers will probably live in the town if accommodation can 
be found there. In any event, higher-ranking officials may seek 
accommodation in the town as they inspect and coordinate the 

work. It is assumed, therefore, that 5 percent of the construction 
workers are temporary residents in the town. Presently the 
seasonal employment equals approximately 11 percent of the 
permanent population. A large portion of the eran cient population 
is employed in exploration and related seasonal employment. As 
activities in the north expand these types of jobs will increase 
in number. For projecting future population it is assumed that 

a Similar proportion (i.e. 11% of permanent population) will also 


form part of the transient population engaged in such activities. 


In addition to the aspects considered above there will be 
expansionary effects of tourism and providing services for travel- 
lers. In 1972, private vehicles formed 28 percent of those using 
the Liard River ferry near Fort Simpson. During the same year, 
4,620 passengers arrived at Norman Wells via airplane; assuming 


a party size of two yields 2,310 groups requiring accommodation. 
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If air traffic increases by 5 percent in the next five years, 

and the number of private vehicles that reached Fort Simpson 

now reach Norman Wells, the total number of groups requiring 
accommodation will be 5,295. It will be assumed that each group 
stops for four days and that the peak of travel occurs over a 
seven-months' period. In addition accommodation will be required 
for those transients employed in exploration and related 
activities. “Forvexample, in 1978 there could be 88 such people. 
Assuming that 70 percent stay in hotels and assuming two per 
room, 30 hotel units will be required. One hundred units are 
required in 1978 for the travellers. Presently there are 29 
units in Norman Wells resulting in employment for 17 people. 
These extra units will result in employment for 52 people in 
1978. The nature of employment in hotels and motels is such that 
a high percentage of females is employed. Due to this fact 

the number of employees will be added to the population rather than 
applying a multiplier effect. After 1978, the highway will be 
completed and the exploration activities will increase the number 
of travellers. Thus the number of travellers is assumed to 


increase at the rate of 5 percent per annum after 1978. 


For projection purposes it will be assumed that the ratio between 
basic and non-basic workers (i.e. service) is 1:0.5 and that 70 
percent of the workers are married. These married workers are 
assumed to have a family of three dependents (the average family 


Beze in the N.W.T. is four). 


Using the foregoing estimates and assumptions, the following 


shows the population projection: 


ess 


Projected Population for 1978: 


Permanent Population 


Additional Permanent Workers: 


Road Maintenance 
Transportation 


Total Basic Workers 


Non-Basic Workers 
TOTAL WORKERS 


Married Workers 

Single Workers 

Travel Service 
Workers 


1974 Permanent Population 


Additional Population 


Transient Population 


Present Transient 


Construct on 
Workers 

Transportation 
Workers 

Exploration & 


Related Seasonal 


bocalePopu lation 


£20 
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(5% of 700) 


1,143 


Projected Population for 1983: 


Permanent Population 
Additional Workers: 


Pipeline 
Non-Basic 


Married Workers 
Single Workers 


Travel Service Workers 


1978 Permanent Population 


Additional Population 


Transient Population 


Present Transient 

Transportation 

Exploration & 
Related Seasonal 


Total Population 
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Projected Population for +1968: 


Permanent Population 


Oil Line Employment 5.0) 
Transportavtom WOrKkers ™a Ue 
Basic Workers 100 
Non-Basic Workers PU 
TOTAL WORKERS LO 
Married Workers LOB eky ge = 420 
Single Workers 45 = 45 
Travel Service Workers 16 = aise 
481 
1983 Permanent Population Big BH ie 
Additional Population _ 481 
pene: 
Transient Population 
Present 100 
Transient SO 
Exploration & 
Related Seasonal 70 
320 
Total Population 
to 3 to = ols 
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Projected Population for 1993 


After 1988, barring any major activities, the only increase 


in employment is that resulting from 17 additional travel service 


workers. 
Permanent Population Cory 
Transient Population J.) 
Mes Ne 


Alternative High Population Projection: 


Instead of using a basic-to-non-basic worker ratio for the 
population projection, the number of employees in the service 
industries could be estimated according to population levels. 
Each population level requires certain services which are sources 
of employment. These fall mainly into the category of public 

and personal services. There is a fairly general relationship 
between the number of service employees and the population of the 
community. Based upon the following comparison with other 


communities the number of non-basic workers can be established. 


Bases of Projection: 


Municipal: Standard of Yellowknife 1 employee per 82 
residents. 


Police: 1 policeman per 600 residents; support 
Stati ratao C0710. 


Power: Expansion possiblities of N.C.P.C. 


School: 22 pupils per 100 population. 
1 teacher per 25 pupils plus principal. 
The figures are based upon total population 
in- order to correlate to total number of 
students in the community. 


Trade: 10,000 square feet to each 1,000 population 
1 employee per 200 square feet. 


Financial: 2 employees per 70 population. 
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Service Station: 2 employees per 70 population. 


HOS Pascale: 2 staff per bed, 5 beds per 1,000 population. 


The high estimate of the projection will use the above method 

plus an assumption of an internal economic growth of the community. 
The boom effect of the activities that have been discussed may 
have a spin-off effect on other activities. It is assumed that 
there is a growth of 2 percent per annum in the permanent population. 


This method is used to obtain a high population projection. 
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1278 sPopuda tion Pro ,eGuLon 


Non-Basic Workers 7G 

Married 49 x 4 = 
Single D1 cS 
Travel Services BZ = 


1973 Permanent Population plus 2% 
growth per annum 


Additional Population 


Population to be Serviced 


Additional Service Employees - 85 persons 

Married 58 x 4 = 
Zul 

Permanent Population The) + 259 = 


Transient Population (same as in Method 1) 


Total Population 


a @ 25.6 0= 


1983 Population Projvece1on 


Non-Basic Workers 60 
Married 42 
Single 18 
Travel Service i 


1978 Permanent Population plus 2% 


growth per annum 


Additional Population 
Population to be Serviced 


Additional Service Workers 


Married Sal) 
Single 22 
Permanent Population Ae eis, 


TravnsLent 


Total Population 


126 


1988 Population Projection 


Non-Basic Workers 100 

Married 70 x “4 = 
Single 30 | 
Travel Services 16 


ive ope ecrManent. Population pilus 2% 
growth per annum 


Additional Population 


Population to be Serviced 


Addacional Service Workers 102 


Married 70 x 4 = 
Single Se 
Permanent Population PASI O42} te SL 


Transient Population 


Oro, Pooule Clon 


=: aie i) = 


1993) Population PrOsecelon 


£988 Permanent Population, plus 17 hotel workers, plus 


2% growth per annum = 2,567 

Additional Service Workers 30 
Married PAA Ne 4 = 84 
Single i = 7 
91 
Permanent Population 256) eet pe be Pepe eto KS) 
Transient Se] 
total Population Ree T Sto. 


The following table is a summary of the above analysis: 


LOw High 
wear Proj ectron Projection 
Lo73 544 
197-8 1,143 1 neh oe 
E933 oe2 ty ei2 
1988 rot 2,654 
aS Ne ie Srey 2,985 
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APPENDIX C" 


WATER QUALITY ANALYSES 


ENVIRONMENT CANADA 


ENVIRONMENTAL PROTECTION SERVICE 


palates! |. 2 ales 


DEPARTMENT OF ENVIRONMENT 


ENVIRONMENTAL PROTECTION SERVICE 


CHEMICAL ANALYSTS OF WATER 


Gocatien: Norman Wells, Now. 1. SubmLeced BY> 9P HB. Day o. 
Identifying Marks: Sampled By? d.W. Grainge : 
(1) Bosworth Creek -. Date Sampled sduly 2), 1929 ; 


Date Received in Lab: 


689) ae 
(4) 
Constituents in Mg/L Canada Drinking Sample 
Water Standards NO ek 

pH cage Mie oie: Gia a: 
etal Haraness (as Cacu.) 2 Leo (Poor 
\ 3 195.9 
Total Alkalinity (as Caco.) 30 — 500 147.0 ; 
ioe Vee), Total ORs: O26 
Manganese (Mn), Total O05 NDS ae 
Satorm Uniis ) LS cao ‘ 
DuirbadLty (iT Units) iS N.D. 
Barra te sNitrogen ICN) ) 10 On033 
Sulfate (SO) 500 

4 53.5 
Fluoride (F ) eae NeDe 
Specific Conductance Noon 
Total Disolved Solids-Determined a20 
Comments: 7 

N.D.: Not Determined 

Date: July 20, 1953 Chemist: _F.B. Artlett 
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DEPARTMENT OF ENVIRONMENT 
ENVIRONMENTAL PROTECTION SERVICE 


CHEMICAL ANALYSIS OF WATER 


Location: Norman Wells, N.W.T. submitted By: Dp, Jenkinson ; 


Identifying Marks: Sampled By: D, Jenkinson 
(1) Bosworth Creek Date Sampled: Marchal jase 7G 


we, 
(2) ———= Date, Received un. babs Mare ceo 


(33) 

(4) 

Constituents in Mg/L Canada Drinking Sample 
Water Standards Nowe 

pH Oba ees 700M 

iT Caco 30)” PoOoOSG 

otal Hardness (as Cac 3) (exe) ree ‘ 

Total Alkalinity (as Caco.) 30 = 500 202 

Boon tee), Total O- 3 CLUS ee 

Manganese (Mn), Total 0205 Ns Deeee 

SOLvoroAuUnTts) LS $5 1 

Pocbrdity. (oTU. Units) 5 O.7 | 

Nateatce Nitrogen. (N) 1) 0205 

Sulfate (SO, ) 500 228 

Fluoride (F_) ier erence 

Specific Conductance Nee 4 

Total Disolved Solids-Determined 638 

Comments: 

N.D.: Not Determined 
Date: April 15,1970 Chenzst: “A,” Bovke 
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DEPARTMENT OF ENVIRONMENT 
ENVIRONMENTAL PROTECTION SERVICE 


CHEMICAL ANALYSIS OF WATER 


Location: Norman Wells, N.W.T. Submitted By: D, Jenkinson a 
Tdentifying Marks: Sampled By: _D. Jenkinson 
(1) Bosworth Creek Date Sampled: March 7, 1970 : 
eae Se ee ee pce rece eamire ie May O70) 
(3) 
(4) 
Constituents in Mg/L Canada Drinking Sample ‘ 
Water Standards NO woes 
H 6.5. =. 3.9 a0 
Total Hardness (as Caco.) >180 Poor ‘ : 
Total Alkalinity. (as Caco.) 30 — 500 128 : 
tron (Fe) Total Oe 0.88 
Manganese (Mn), Total O05 N-DaL 
Color (Unies) 5 20) . 
Ticbaduey a rUcUnitis:) 5 B25 5 
Nitrate Nitrogen (N) LO EAC 
Sulfate (SO, ) 500 aA 
Fluoride (F_) 2 0.44 


specific Conductance : NeD. 


Total Disolved Solids-Determined eyes} 


Comments: 
N.D.: Not Determined 


Dates May 2 Tho 70 Chemist: A. Boyko : 
=_ ql 


DEPARTMENT OF ENVIRONMENT 
ENVIRONMENTAL PROTECTION SERVICE 


CHEMICAL ANALYSTS OF WATER 


Location: Norman Wells, N.W.T. Submitted By: D. Jenkinson 
Identifying Marks: Ssanpled By: .Deidenkinmson 
(1) Bosworth Creek Date Sampled: July 4771970 


(2) Pumphouse 
3) 


Date Received in Dbabsduly Gy row 


(4) 
Constituents in Mg/L Canada Drinking Sample 
Water (Standards No. 4 
pH Sie Shece ewe S Soo 
> 

Total Hardness (as Caco.) 130 ePocr 166 

dhe (PA ea tan re Caco 30 - 500 

ota adanrey vas Ca 3) sete 

teon (re), Total OAS SOMO 
Manganese (Mn), Total 0505 N.D 
Color (Units) AS’ 5 

mae bra Le TU eUnrs:) 5 O-5/6r4 - 
Niera ceo Nitrogen 1(N) 10 Ot Ome « 
Sulfate (SO, ) 500 63 : 
Fluoride (F ) eee 0.34 
specific Conductance Neb 
Total Disolved Solids-Determined S56 
Comments: 
N.D.: Not Determined 

Date: July 23, 1970. Chemist: ___A. Boyko 
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DEPARTMENT OF ENVIRONMENT 


ENVIRONMENTAL PROTECTION SERVICE 


CHEMICAL ANALYSIS OF WATER 


Location: Norman Wells, N.W.T. Submitted By: _D. Jenkinson _ 
Taene Loy ae aries: Sampled By: D. Jenkinson ; 
(1) Bosworth Creek éDatte Sampled:__Nov.13, 1970 
(2) Date Recéived in Lab:Nov. 18, 1970 
(3) 
(4) 
eae eee Canada Drinking Sample 
es Wal eb po Bandar Sess ee OE 
Total Alkalinity (as Caco.) 30 - 500 167 a 
Manganese (Mn), Total 0.05 Nps 
RepOre NUDES) eo tee Mg a et Se ei oh 
Nitrate Nitrogen (N) 10 OO aes 
Sulfate (so, ) 500 igs 
Fluoride (F_) ee: Ona ay 
Specitic Conductance Ns eee 
Total Disolved Solids-Determined 436 
Comments: 

N.D.: Not Determined 
Date: Nove. 255.9070 Chemists -A. ee BoyKo 
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DEPARTMENT OF ENVIRONMENT 


ENVIRONMENTAL PROTECTION SERVICE 


CHEMICAL ANALYSTS OF WATER 


Location: Norman Wells, N.W.T, Submitted By: J .w Grainge z 
Identifying Marks: Sampled By:_A, Taylor 

(1) Bosworth Creek Date Sampled: Wudiyaloy slog F 

(2) 


Date Received an ab: Aug. esoe oe! 
(3) 


(4) 

Constituents in Mg/L Canada Drinking Sample 
Water Standards No. 6 

pH Gwe Oa ee ON bs 

Totul Hardness (as Caco.) PIsOo Poor 2A 

Total Alkalinity (as Caco.) 30 — 500 166 

imonm (Fe), ‘Total Ones 0. 05se. 

Manganese (Mn), Total O05 O02 

Polor (Units) 15 100 

pocbidity (ITU Units) 5 A bye | 

Nitrate Nitrogen (N) 10 O20e 

Ps 500 

Sulfate (SO, ) 78.6 

Fluoride (F ) de Osha 

Beccitic Conductance saad 462.0 

Total Disolved Solids-Calculated PAS rie 

Comments: 

Bee: Aug. 12; 197) Chemist: R. Horoway a 
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DEPARTMENT OF ENVIRONMENT 


ENVIRONMENTAL PROTECTION SERVICE 


CHEMICAL ANALYSIS OF WATER 


Location: Norman Wells, N.W.T, Ss Submitted By: WJ, Francl & Assoc. 
Identifying Marks: Saiip Camby = je SE rick sone: ss amen 
(a) Upper Bosworth Creek Date Sampled: “April 18,1974 7 
(2) >" "Date IRecerved intLab Apri hers eos 
(37) Fe. , ard 

(4) 

Constituents in Mg/L Canada Drinking Sample 
ie ee a ier Standards Se ee Oe 
pH Cosas 726m 

Se 

Total Hardness (as Caco.) a Poor aq : 
ort Alkalinit Caco 30 - @ 

otal Alkalinity (as Ca 3) 30 50 199 

PEON ES); Orcas. O23 O06 
Manganese (Mn), Total Oni05 <0s 02a 
Color (Unies) 15 <5 om 
Turbidity (JTU Units) 25 Ck 
Nitrate Nitrogen (N) LO COeuO 
Sulfat - 

ulfate (SO, ) 500 320 i 
Fluoride (F ) m2 0x59 
specific Conductance 950 ee 
Comments: 
Date: May 9, 1974 Chemist: A. Boyko 
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APPENDIX "D" 


WEATHER DATA 


Gene oa | vl an iin CT et 
Re. ot vl Le e O e) 
LD * * c 6 Cie (eas 
Pook wLo O° S9"O CO0EI0S Thor Vora 
e.6 eo oo [Reh SES) L L 
Poot, 20" Se) CEOs] he Pao 7 
eee oO. 95 0 Sor Omecrils © 6.7 Gb 
aoe Ay ae mae 978 iL aOtuae. c L Or) 
69° L L POO) TE LON pC Ge a ey Soma Ry Geo 
GEC ke O€ 6c ek T ¥ 
AS Tams oo Su Gia ts jie OFS 
T6 Se 95 89 08 68 68 
Pee ee Oe L St: 8 Pe 60" 9R = POS 
Peete el 8G Pee case eee COT os 
Peewee 9 0- £ 7c Ger 2°S¢ 6°09 


OT 


L 8 OT on on uoT}eITAdtoaId 
aTqeianseaw y3ztm sAeq Fo “ON 

74 8 OT Gt cal! MOUS 
aTqeansesaw yytm sAeq Fo “*oNn 

174 * * 0 0) uTeY 
eTqeansesw yzytm sAeq Fo °on 

LEy 0 “2640s she 46 IEMA OOS LOGS) San0yu 7c ut 
uOoTRIeATATSeIg 4SsazePaIN 
8 cnnG One €°8 O°L “SAU HC UT TTeFMOUS 74S9}e81TH 
O90 36 7oOL Ca. L Lb “say pe ut [TeyxuTey 7sSezesitH 
O09 OS. Ol 6.7 Oo 589° 0208.0 UoTeRTAdTOSerTq TeIOL uesew 
g = 6 OS Sey im 7d | TTeFMousg uesoW 
Ses S50 70. Seo 00°O L TTegutey ueoW 
Loe 6¢ Le SC iis FsOZq YIM skeq FO “ON 
SE- TS- 99- €Q9- esAnjerzeduay, wnututWw swerzqxg 
88 79 Gs Lv Pp eAnjerTodusaL wnutxep swer4xg 

Ce Cente 2S Oa 0 ais oy Geet lla i es ain Jerzeduay 
wnututWw ATtTeq ueey 

OFS. a Ot eG OR arene ecules ein jersdues 
wnwtxew ATteq ueoW 

Cae UESE te Ore 2a Gh nod = (4d Sad) 


AWW 


Gu¥OodeY dO SHYVHA 8c - 


STIGM 


VLVd YHaHLVWaM 


NVWUON 


einjerzoduey, ATteq uesep 


LNAWNE TS 


Hee) 


APPENDIX "E" 


UTILIDOR COST ANALYSIS 
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Trial designs were prepared in preliminary form for a hy- 
pothetical subdivision which would be enwecl of the plans under 
consideration, as shown on Sheet E-l. Typical sections and pre- 
liminary design details for the three alternatives considered 
are shown on Sheets E-2 through E-4. 

The alternatives are as follows: 

cr "Conventional" utilidor system, as used in the most 

recent utilidor reconstruction at Norman Wells, 
with gravity sewers. 

(2) "Utiliduct" system, with gravity sewers. 

(3) "Utiliduct" system, with pressure sewers. 

Preliminary cost estimates are summarized on the follow- 


ing pages, and are tabulated below: 


Alternative Cost per Unit 
Ke) $8,600 
(2) $6,800 
(3) 7700 
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UTILIDOR WITH GRAVITY SEWERS 


UNIT COST 


—_—_—_—_— OOOO a 


1) 


Alternative 
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WITH GRAVITY SEWERS 


REE ene LUTE EDUC I 


UNET COST 


(2) 
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Alternatave 
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WITH PRESSURE SEWERS 
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UTILIDOR LAYOUT - TYPICAL SUBDIVISION 
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CONSULTING ENGINEERING LTD. NORMAN WELLS NW. 
| Approved By: Drawn By: =| Date: = Scale: = Sheet No: = E-] 
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l4 GAUGE GALVANIZED 
CORRUGATED METAL 
COVER, 6'O! SECTIONS 
BOLTED TO TROUGH WITH 
MACHINE BOLTS AT 
APPROXIMATELY 3'0"0.C. 


2“ HOT WATER 
G' GRAVITY SEWER 
2" HOT WATER 


GS WATER 


A GAUGE GALVANIZED 
CORRUGATED METAL | 
| TROUGH, 14°-C' SECTIONS 


IY? STYROFQQM 


LOOSE GRANULAR 
INSULATION, WATER 
REPELLENT, FILL UP To 
CENTERLINE OF PIPES 


3 4" ELAT BAR x Ol-c' 
WELDED TO PIPE 


Sx! SLEEPERS @ [4:0 OC. 


Wali 


3%" O.D. DRILL STEM SUPPORTS @ Id'0'o.. 


TYPICAL UTILIDOR — GRAVITY SEWERS 
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CONSULTING ENGINEERING LTD. NORMAN WELLS NWI. 
| Approved By: =| Drown By: = Dates =f Scale: = Sheet No: =E-2 | 
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I6 GAUGE ALUMINUM OUTER PIPE URETHANE. SPONGE WASHER™ 
CLAMP TYPE COUPLING ) 

PVC. INNER PIPES WITH 

RUBBER O-RING JOINTS 


aN 
288) 


— 
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a ci 4 | 
: SUPPORT SADDLE 
WASHER | | 
URETHANE FOAM INSULATION | | STEEL PILING 


2a'C% oF ae | ee 


pe 


—~ G'PN.C. SEWER FORCEMAIN 

S@'PV.C. WATER SERVICE AND RETURN 
SG’ PV.C. GRAVITY SEWER 

2" CORRUGATED ALUMINUM CULVERT 
2" MINIMUM FOAMED URETHANE FILL 

2" PVC. HOT WATER 


~~ SUPPORT SADDLE, 14 OR IG GAUGE 
COLLAR. WELDED TO SADDLE 
pera ee OL EEL PILING 


CONSULTING ENGINEERING LTD. NORMAN WELLS NWT. 
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~I@ GAUGE ALUMINUM OUTER PIPE 
CLAMP TYPE COUPLING 
URETHANE SPONGE ero 


PV.C. INNER PIPES WITH be 
RUBBER O-RING JOINTS 
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WASHER 
URETHANE FOAM INSULATION 
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I@ CORRUGATED ALUMINUM CULVERT 
2" MINIMUM FOAMED URETHANE FILL 
PVC. SEWER FORCEMAIN 
PVC. WATER SERVICE AND RETURN 
PVIC. LOW PRESSURE SEWER 
PV.C. HOT WATER 
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TYPICAL "UTILIDUCT" — PRESSURE SEWERS 
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CONSULTING ENGINEERING LTD. NORMAN WELLS NWI. 
| Approved By: == Drawn By: | Date: = Scale: = Sheet No: = E-4 | 
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APPENDIX. Es 


OBEPICE AIRPHOTO STUDY 


J.D. MOLLARD & ASSOCIATES LTD. 
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REPORT ON 
OV FICZ A RPHOTC STUDY FOR 


NoW NORMAN WELLS TOWNSITE 


INTRODUCTION 

This study deals with the interprétatiom el terrain conditions in 
vicinity of Norman Wells with the objective of locating a new townsite 
for that settlement. The site should t2 roughly 400 acres in area and 
should accommodate a popu: ation of 400C. 

Main considerations irclude the typ2 of near-surface soil and rock 
materials and the depth tc bedrock as tney relate to foundation 
quality (particularly difterential gro. ad heave and zround settlement), 
topographic and surfac r d-ainage conditions within five miles of the 
Norman Wells airstrip, flivial and thermal erosion, and proximity to a 
suitable municipal water sipply. Other considerations taken into 
account are access, sewage disposal, natural vegetative .cover, fire 
history, possible adverse climatic and microclimatic effects, flooding 
hazard, and proximity to existing or proposed transportation routes 
including the propose? Mac«xenzie Highwey and the Mackenzie River. 

Reference materiais used in this study include bedrock and 
surficial geology maps, panchromatic and color infrared (false color) 
aerial photographs, and mosaics ard borehole logs along the proposed 


Mackenzie Highway. 


pet ES ARE 


SURFICIAL GEOLOGY AND MATERIALS -—- GENERAL 

Surficial mineral-soil materials in the immediate Norman Wells 
area consist mostly of stratified clayey silt with lesser silty 
clay and silty fine sand that were deposited in a former glacial lake. 
It is believed that the glacial lake stood at a maximum elevation of 
approximately 400 feet above sea level in vicinity of Norman Wells. 
The fine-grained glacial—-lake sediments are overlain by peat in 
depressions and are underlain by glacial till, which is more or less 
continuous over bedrock on the sloping valley side up to approximately 
elevation 750 feet. Total thickness of glacial drift materials is 
variable; but the thickness is expected to range from about 20 feet 
at Norman Wells to zero where bedrock outcrops are common above 
elevation 750 feet. 

Till situated above the inferred maximum glacial-lake elevation of 
about 450 feet is covered by a layer of predominantly silty slopewash 
sediment a few feet thick. In fact, in the field it may be difficult 
to make a clear distinction between glacial-lake (lacustrine) and 
slopewash sediments in vicinity of elevation 400 feet, where these two 
different types of surficial materials are expected to occur. 

From the inspection of available borehole logs, it is expected that 
both the silty lacustrine and the silty slopewash materials will have 


a hieh, as well as random, occurrence of excess ice —— especially in 


wie tt 


the zone from 3 to 5S feet below ground surface. The*glacial till is 
expected to be considerably denser and to contain substantially less 
excess ice than the lacustrine and slopewash deposits, particularly 
below a depth level of about 5 feet in till (which is assumed to be 
the upper weathered layer that is subject to repeated freeze-thaw 
cycles, including the active layer). 

A long and narrow trough-shaped depression between the present 
townsite and the hillslope is characterized by surface peat that is 
several feet thick and by thermokarst topography resulting from 
melting of ground ice. 

A narrow, discontinuous sandy fluvial terrace lies just above the 
right bank of the Mackenzie River. It is best developed between 
DOT Lake and the Mackenzie River, and has been considered as a potential 
new townsite area (Area 2). It is anticipated that excess ice 
contents will be lower (or possibly non-existent) in the sandy terrace. 
As a result, differential thermal subsidence should Se ese of a 
problem than it is in the nearby fine-grained lacustrine and slopewash 


materials. 
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BEDROCK GEOLOGY AND MATERIALS -- GENERAL 

Study of drillhole logs indicates that the bedrock consists of 
shale in the immediate Norman Wells area. It is expected that the 
shale encountered in drillholes is the Upper Devonian Imperial 
Formation, which contains both shale and sandstone members. Above 
elevation 750 feet approximately, the Upper Devonian Fort Creek 
Formation (re-named the Middle Devonian Kee Scarp Formation in 1963) 
occurs and consists of bituminous shale with coral reef and other 
limestone members (e.g. at the present rock quarry site). Shale 
beneath the glacial drift or where exposed at ground surface in 
vicinity of Norman Wells is expected to be a relatively poor material 
in foundations, having a high excess ice content in the upper 


weathered layer of 3 to 5 feet thickness. 


PERMAFROST 

The mean annual air temperature at Norman Wells is 217k. The 
ground temperature at a depth of 50 to 100 feet is 26° to 29°R, and 
the permafrost is some 150 to 200 feet thick. The active layer 
thickness under stable vegetation varies from about 2 to 5 feet in 
well-drained and imperfectly drained fine-grained materials, but it 
is over 5 feet in sandy deposits. The active layer is about 2 feet or 
even less thick in dry moss or lichen insulated peatlands. However, 
the ground is unfrozen in peatlands where there is standing water , 


as in poorly drained depressions. 
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DISCUSSION OF SITES RECOMMENDED BY W.J. FRANCL AND ASSOCIATES 

Alternate Townsite Area "A" 

Topographically, this area would be suitable for a new townsite. 
It is situated near Bosworth Creek, which could provide a suitable 
municipal water supply. But the southwest corner of the area is 
situated in a wet depression. It is expected that peat, possibly 
up to 5 feet deep, will be encountered in this poorly drained area. 
High excess ice contents locally, which could result in excessive 
ground settlement upon thawing, are also expected to occur in the 
southwest corner of Area "A" (see Fig. 1). The remainder of Area "A" 
is expected to be underlain by fine-grained soils possessing excess 
ice in the upper 3 to 5 feet below ground. surfaces § However, this 
situation will likely be true for most of the Norman Wells area. 
One of the things that particularly concerns us is surface drainage 
and the possibility of fluvial and thermal erosion on long uniform 
slopes after the vegetation has been removed during the period of 
townsite development. Streets and ditches of any kind should parallel 
the contour wherever this is possible. Tree vegetation is sparse 
and stunted and offers very little shelter. 
Alternate Townsite Area ''B" 

Area "B" is located on an approximate 5% slope, which may be steep 
enough to promote fluvial and thermal erosion problems as well as 


thermal subsidence following disturbance of the vegetation, particularly 
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if townsite development is not very closely and carefully controlled. 
Excess ice in the upper 10 feet below ground surface is also expected 
to occur in this area. Considerably greater distance to a municipal 
water supply and resulting terrain disturbance and associated problems 
must also be considered. 
Altermate Industrial Aréa VC" 

Part of this area is low-lying, is wet, and is covered with up to 
5 feet of peat. The area also contains thermokarst features, 
indicative of randomly-occurring high excess ice contents (see Fig. 1). 
Construction in both the southerly and northerly portions of the area 
will likely create difficult foundation and drainage problems -- 
similar to those encountered at the existing Norman Wells Townsite. 
Alternate Industrial Area "D!"' 
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above. Major disadvantages include the 
moderate slope, poor foundation materials, sparse vegetative cover, 
and susceptibility to erosion. 

Alternate Industrial Area "E" 

Most of this area is expected to be similar to the existing town- 
site so far as foundation conditions are concerned. A local exception 
is the more densely treed southerly terrace portion, an area of which 
is occupied by Pan Cana and Tower Trucking. Soils in this southerly 


portion are expected to be sandier in texture and to contain lower ice 


contents, and thus offer better foundation conditions. It is doubtful 
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whether a municipal water Eee for this area could be obtained from 
a well installed in unfrozen alluvium in the nearby Mackenzie River. 
However, if sufficient thickness of permeable alluvial sand could be 
found in the nearby Mackenzie River and a proper well constructed, 
its design would have to consider the dangers of flooding and ice 
jams, both common occurrences at Norman Wells. 

Alternate Townsite Area "F" 

Conditions’ at thisssite are similar to those at) Area “A, described 
above. 

Alternate Townsite Area ''G" 

Terrain conditions in this area are about the same as those at 
most of the other areas considered here. The cross slope is 
approximately 2.5%, which should be satisfactory so far as surface 
drainage is concerned —- that is, the slope should prevent ponding of 
surface runoff waters and yet be gentle enough to avoid high channel 
velocities. Also, see our recommended Area 3. 

Alternate Townsite Area "H" 

Similar to Areas "B” and "D" except that this area has a Slope of 
approximately 7.5%, which is steeper than either Areas "B" or "D." 

As a result, the area would likely present more serious surface 


drainage and erosion problems. 
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Existing Norman Wells Townsite 


Large-scale future development at the existing townsite is 
restricted by the Mackenzie River, by the airstrip, the wet linear 
depression (marked "W'' on Figure 1), and by Bosworth Creek. The 
area is fairly flat; and unless adequate drainage were provided, 
ponded waters could cause melting of ground ice and thermal 
subsidence. In fact, thermal subsidence appears to have occurred in 
several areas already (see Fig. 1). Foundation problems at future 
building sites are expected to be similar to those experienced to date 


at Norman Wells. 


POSSIBLE ACCESS ROADS 

The best location of possible access roads will of course depend 
upon the townsite that is finally chosen. Generally, all areas marked 
"W'' on Figure 1 are wet and peat-covered, and should be avoided wherever 
possible. Two prospective easterly access road locations are shown. 
They are located to either entirely or partly follow existing roads. 
The access road location shown farther to the west parallels Bosworth 
Creek. However, it might be shifted slightly closer to Bosworth Creek 
in order to provide somewhat better terrain conditions. It should not 
be located so close to the valley banks of Bosworth Creek to induce 


thaw and thus bank and roadbed instability. 
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OTHER RECOMMENDED TOWNSITE AREAS (see FIGURE 1) 
If the Norman Wells townsite is relocated, extensive field 
reconnaissance, including selective test drilling, will be required 
to confirm the most suitable townsite location. In our opinion, there 


"sood'"' townsites in the 


do not appear to be any what we would call 
area. The main problem concerns poor foundation materials containing 
high excess ice content in clayey silt lacustrine and slopewash 
deposits and in the upper weathered layer of till and shale bedrock. 


An ideal location would be a relatively flat area situated on 


deep clean granular soils, such as occur in certain large glacial 


outwash plains and large fluvial terraces. Similarly, a large area 
underlain by hard, essentially flat-lying sedimentary bedrock -- such 
as limestone or sandstone -- would also be acceptable. But the surface 


should be flat to gently sloping. Generally, clay shales, siltstones, 
and mudstones contain excessive ice contents in the near-surface and 
should be avoided if possible. The hoped-for Pond oerone mentioned 
above do not occur in the Norman Wells area --- at least not within the 
proposed study-area and in the neighboring area that was examined in 
airphotos. 

As a result of this office airphoto study, we have identified four 
possible alternate townsite areas. Some of these include parts of 
areas that you have suggested as prospective townsite locations (see 


the 4 coarsely cross-hatched areas on Figure 1). 
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Area 1 

Although the outlined area may not be large enough to accommodate 
the proposed future development, we believe this area should receive 
careful field checking for a possible townsite relocation. Detailed 
inspection on the ground may be all that would be required to determine 
its suitability as a townsite. 

Unfortunately, the area is very long and very narrow, and is 
situated on a ridge, with bedrock near ground surface. It is likely 
that a veneer of only 2 or 3 feet of glacial drift overlies hard 
bedrock. Sides of the ridge drop off precipitously to the north and 
appear to slope steeply to the south. The ridge supports a fairly dense 
tree cover; and it is because of the trees that it is not possible to 
determine the precise width nor visualize the character of microrelief 
features from the study of 1 inch = 4200 foot aerial photographs. 

A municipal water supply could likely be obtained from nearby 
Hodgeson Lake, which appears to contain deep water near its shore. 
Storage of municipal water on higher terrain at the end of the ridge 
would supply pressure to a Town water-distribution system. 

Depending on environmental regulations, properly treated sewage 
could be discharged down Bosworth Creek and thence into the Mackenzie 
River. 

The area is situated near the proposed Mackenzie Highway, and cost 


of access road construction would be minimal. 


cad <P A 


The view from this location would be excellent, with the Mackenzie 
River in the distance to the southwest. and mountains to the northeast. 

Most important of all, foundations could be very favorable. If 
it is felt that shape of the elongate area were not too objectionable, 
the area might be examined closely on the ground. 

Area 2 

This area is situated on what appears to be a sandy terrace along the 
Mackenzie River. Test drilling would be required to determine the depth 
of sandy soil materials and also their ice content. 

This area also has a poor shape (long and narrow), is limited in size, 
and its expansion is restricted by the river and nearby lakes. If the 
area were to be considered seriously for possible residential purposes, 
the float-plane dock on DOT Lake would have to be relocated. 

It is unlikely that a water supply could be obtained from a well 
installed in unfrozen alluvium along the Mackenzie River. In any event, 
any such well would have to be located above flood and ice-jam levels. 
It is likely the river bed at the shore line is cut) ante t11) er into 
bedrock; and so a deep, clean, coarse aquifer at the river's edge is an 
unlikely possibility. 

A portion of this area is located in your Alternate Industrial Area 
"EU. Proximity of the @rea to the Mackenzie River is desirable for an 


industrial site because of nearby river-barge service. 
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Area 3 

This area includes portions of your possible Townsites "A" and 
"G''. The slope on this area is approximately 2.5%, which is 
sufficient to prevent surface runoff water from ponding and yet 
not steep enough to instigate excessive erosion. 

It appears that a water supply might be obtained from Bosworth 
Creek. Treated sewage could be returned to Bosworth Creek well 
downstream from the water supply intake. 

Test drilling in this area might locate an area where the 
lacustrine clayey silt overlying glacial till is shallow, inasmuch 
as this area is located near the upper margin of the former glacial 
lake (at 400 feet) and is below the elevation of thicker ice-rich slope- 
wash sediments. Access roads to the area could be combined with those 
POmtn etal cot rip. 

Area 4 

Hopefully this area may contain somewhat lower excess ice contents 
in?the upper, 10%or- so feet. “But ithis would nave tobe; checkediin 
detail in the field. No obvious nearby suitable water source appears 
to exist. Moreover, the proposed Mackenzie Valley gas pipeline crosses 
the site-area. 

If it is considered desirable to keep the townsite and industrial 
areas separate, the possibility of locating the townsite in Area 1 and 


the industrial site in Area 2 might be considered. However, these two 
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areas might be too far apart for convenience (approximately 2.8 miles). 
Such an arrangement would place the industrial area near airstrip and 
river-barge service. It would also separate the residential area from 
the above areas. 

Areas 3 and 4 are large enough to accommodate combined residential 


and industrial areas. 


SUMMARY 

In summary, there are no ideal townsites in vicinity of Norman Wells, 
but some areas of 400 acres or more offer slightly better qualities than 
others. All except Area 1 present building foundation concerns and 
some potential for erosion. 

We consider the best combination from a topographic and drainage 
standpoint would be residential development in Area 4 and industrial 
development in Area 2 with water obtained either from Hodgeson Lake or 
the Mackenzie River. However, the proposed pipeline route passing 
through Area 4 must receive consideration. A second choice is Area 1 
for residential and Area 2 for industrial but these two areas are 
probably too far apart for convenience. 

Access to these areas may be by any of the roads shown on 


Pigure L. 
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Unless your proposed cost analysis demonstrates that one of the 
alternate sites possesses a decided advantage over existing Norman 
Wells Townsite, I think one is almost obligated to carry out some sort 
of selective visual field reconnaissance, followed by a certain amount 
of predetermined testhole drilling. The test drilling should concern 
not only the quality of foundation conditions at the possible sites of 
large buildings but should also test, in a preliminary way, for a 
Suitable groundwater supply. 

The resulting field information, coupled with the fact that the 
present site offers very little space for future expansion, may make 
your decision clear cut. The decision might also be affected by 
whether or not the proposed Mackenzie Valley gas line goes ahead, which 
in turn would determine whether or not the Mackenzie Highway were 
constructed as far south as Norman Wells. 

If none of the above alternates are satisfactory, the nearest 
most-favorable-looking site on the east side of the Mackenzie River 
might be considered. This is the wooded area on the north side of 
Oscar Creek, some 20 miles northwest of Norman Wells. The best site is 
located at the base of the escarpment where the Oscar Creek cuts 


through the Norman Range. 
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APPENDIX "G" 


SOILS INVESTIGATION - EXISTING TOWNSITE 


ELMER W. BROOKER & ASSOCIATES LTD. 
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consulting civil engineers 


G.R.Gilchrist, MSc. P Eng. 
vice president 


November 28, 1972 


W. J. Francl & Associates Consulting Engineering Ltd. 
204 11445 - 124 Street 
Edmonton, Alberta 


Attention: Mr. Jack Paterson, P. Eng. 
Gentlemen: 


Subject: Norman Wells Subdivision - Soil Borings 


Twenty boreholes were dry augered to a maximum depth of 20 feet below grade at 
the locations indicated on the attached site plan, Drawing No. A-1. 


borehole logs are enclosed herein. 


It is our understanding that an evaluation of subsurface conditions is not 
required at this time. Hence, we enclosed the data obtained for your review. 
Should you have any questions concerning the information presented, please contact 


our office, at your convenience. 


Respectfully Submitted, 


ELMER W. BROOKER & ASSOCIATES LTD. 


Garry, Ro Gl [christ R.wenoe 
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SYMBOLS & TERMS USED ON BORING LOGS 


ls Soil Description 


Major 
Divisions Subdivisions Field Identification 


COBBLES AND | Larger than 3 inches diameter 
BOULDERS - cobbles 3 to 8 inches 
~ boulders greater than 8 inches 


GRAVEL Smaller than 3 inches but larger than No. 10 
Sieve (2 mm.) 


SAND Smaller than No. 10 sieve but larger than .06 mm. 
Smaller particles are not visible to the naked eye. 


COARSE- 
GRAINED 
SOILS 


Exhibits dilatancy (reacts to the shaking test). 
Powders easily when dry, only slight dry strength. 
Gritty to the teeth. Dries rapidly. No shine 

imparted when moist and stroked with knife blade. 


Not dilatant. Possesses appreciable dry strength. 
When moist, sticks to fingers and does not wash 

| off readily. Not gritty to the teeth. When 
moist a shiny surface is imparted when stroked 
with a knife blade. 


Depending on amount of organic material, these 
soils usually have some of the characteristics of 
their inorganic counterparts: 

usually highly compressible (spongy) 

usually have characteristic odour. 


PARTLY 
ORGANIC 

~ organic clay 
- organic silt 
etc. 


ORGANIC 
SOILS 


Fibrous structure - usually brown or black when 
moist. Spongy. Usually has characteristic odour. 


ORGANIC 
MATERIAL 


- peat 


(After NRC TM #37 with modifications for MIT Grain Size Scale.) 
Hl. Ice Description 


Poorly bonded 
Non Visible Ice Well bonded 


Excess Ice 


Individual ice crystals or inclusions 


Visible Ice Ice coatings or particles 
Less than 1 inch thick Random or irregularly oriented ice formations 
Stratified or distinctly oriented ice formations 


Visible Ice Greater Ice with soil inclusions 
Than J inch thick Ice without soil inclusions 


(After NRC TM #79) EW.Brooker & Associates Ltd. 
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INTRODUCTION 

Atethe Tequesb of ie. We Dy Lioyd, PeEngs 
of W. J. Francl & Associates Ltd., R. M. Hardy & Associates 
Ltd. undertook a soils investigation at the site of 
a proposed expansion of the Town of Norman Wells, N.W.T. 

The purpose of the investigation was to ascertain 
the soil and permafrost conditions and to assess the 
suitability of the area for the proposed town site. 

Eight test holes were drilled between March 
20 and March 23, 1974 at the’ locations’ shown on Plate 
iy, Appendsax Al Thewdrill rigswas ay Mavyhnewol000.2 the 
drilling fluid was compressed air. Five of the test 
holes were drilled on existing trails or seismic lines 
while the remaining three test holes (numbers 4, 5, 
vo) were drilled in virgin ground. 

Disturbed samples were taken at 2 foot intervals 
in all test holes. No core samples were obtained for 
this stage of the project. Sampling was carried out by 
personnel from the client's orifice. 

At the time this report was prepared, no details 
were available on the type or size of buildings to be 
erected at this site. It was assumed, for the purpose 
of preparing this report, that the site would be occupied 
by: houses, offices, apartment buildings, workshops, 


administrative and recreational buildings. 
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CLIMATE 

Norman Wells lies within the sub-Arctic. Figure 
1, following page, shows the relationship of Norman 
Wells to,the principle settlements.of the Mackenzie 
Valléy and ‘the sotithern limits of continuoussand sporadic 
permarrost. “The clamate as characterimed yoy eieng 7 cold 
Winters ana short, relatively cool ‘summers. ))erecipttatnon 
is low. Weather records have been taken at Norman Wells 


since 1944, The climatological vata are aq eco Llows: 


mean annual temperature: 20S Ce 
mean annual snow fall: 40 inches 
mean annual rain fall: 7 inches 
mean annual total precipitation: 11 inches 
PrSCe2 he “hee ieains 7200 degree 
freezing index, lowest value recorded: 6000 degree 
freezing index, highest value recorded: 8000 degree 
thawing index, mean: 3000 degree 
thawing index, lowest value recorded: 2500 degree 
thawing index, highest value recorded: 3350 degree 
VEGETATION 


The trees in the.area consist of: ~ black» spruce, 


days 
days 
days 
days 
days 


days 


tamarack, .bircn-andsalder. “The bushes consistror: —laborador 


tea, alder and berry plants. Reindeer moss is very 
common while sphagnum moss is found in poorly drained 
areas. Trees in excess of 30 feet in height are generally 


found only immediately adjacent to ponds and creeks. 


SNe Aig = 


or 

qy 
4p 
2 


° 
° 


AKLAVIKo 


‘ , NORMAN 
\ Q WELLS 


\ \ FORT 

( 2 | NORMAN 
( F 
) 
f 


m 
D 


WRIGLEY ¢ 


FORT 
SIMPSON 


FORT 
PROVIDENCE 


120 oO 120 MILES 


re pe ee] [cx LEVEL/ 


FOOTNER LAKE 


VERMILION 


PRINCIPAL SETTLEMENTS 
MACKENZIE VALLEY 


E=z616 Golc veg ob bil eescyh, nT by a: Figure 1 


rena) 


PERMAFROST 

Norman Wells lies within the region of discontinuous 
permafrost. Permafrost is invariably found wherever 
the original black spruce foresr Nas becn lereaundacturoed. 
Permafrost is not found beneath rivers or lakes. -The 
depth to the, bottom of the permafrost: 1s)believed ito 
be about 150 feet. Experience in the area has shown 
degradation of the permatrost table will, proceed" ,elatively 
raprdaly once the orgenic surface cover as sremoved. or 
disturbed. It is possible that the depth of degradation 
of the permafrost could be as much as 30 feet in a period 
in Less than 10 years. 

There are two causes of vertical movement 
in structures founded in permafrost conditions. The 
first type of movement is settlement due to thawing 
of the ice-rich soil while the second cause is heaving 
due to frost action 2m the active Laver during the ywiiter, 
SOLG PROFILE 

The: typical isoil, profile vat the.sate consists 
of organic soil, sometimes peat, overlying till. Layers 
of silt, sand and gravel are quite commonly found enclosed 
within the clay till. The log of Test Hole 1, Appendix 
A, 1s typical of the soil profile where only organic 
Solis and ‘clay Cillanresround...) Wheelogioe Testulole 


6 is typical of “the soil Strata where thes other soils 
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Lypes pale. also “round. 

Water contents are generally high within the 
top 5 feet of the soil profile but are generally below 
ZO percent below that depth. Test Holes 3, 4 and 6 
showed water contents higher than 20 percent but generally 
below ms0percent. .In Test Hole 6, at, a depth of 30 
feet, one soil sample had a water content of 65 percent. 
Such a high water content at this depth is most unusual 
in the Norman Wells area and was probably due to isolated 
ice lenses. 

Figure 2, following page, shows the relationship 
Of dzxy density to water content of pexmatrost soils 
in the Mackenzie Valley. While there is considerable 
Carter in the measured tileld idata, it) can be stated as, 
a general rule that permafrost soils with a water content 
of less than 20 percent will generally display only 
small settlements on thawing. 

The bedrock in this area consists of shale 
with interbedded sandstone stringers. None of the test 
holes in this program penetrated to bedrock. The depth 
to bedrock at the present town site of Norman Wells 
VoGIes, On 28 ¢lOe3s 3 sree t. 
DISCUSSION AND RECOMMENDATIONS 

As stated above, settlement in thawing soils 
where the water content is less than 20 percent will 


be quite small. Therefore, degradation of the permafrost 
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Figure 2 


beneath roads would not give rise to serious problems. 
However, even the small settlements which are anticipated 
would be sufficient to cause structural distress in 

most buildings. 

Degradation of the permafrost cannot be prevented 
once construction has commenced. Due to the low water 
contents in the soil, and consequent relatively high 
thermal conductivities, permafrost degradation would 
be relatively rapid. 

Building Foundations 

For small buildings a suitable foundation 
would be a gravel pad of at least 2 feet in thickness, 
With thetbualding placed !on;) topry resting: on cribs! or 
blocks of wood. If the’ necessitity for relevelling 
such a building at periodic intervals is accepted such 
a foundation will be quite satisfactory. However, this 
type of foundation is recommended only for small buildings 
of timber frame and no more than one storey in height. 

For larger buildings, or where periodic levelling 
is not acceptable, a pile foundation is the best solution. 
The main problem will not be the support of the dead 
and live loads of the structure but rather to eliminate 
the possibility of any piles being heaved as the result 
of degradation of the permafrost table combined with 
heaving of the ground during the winter. The minimum 


depth of embedment of piles should be 30 feet. All 
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piles should be driven, not placed lin predrilled Noles, 
so that only steel piles are likely to beseconomiucal: 
Timber piles would be unable to withstand the driving 
stresses while precast concrete piles are unlikely to 
be economical. 

A type of pile which has been used with great 
success in similar ground conditions is drill stem which 
is available at some locations at salvage prices. Drill 
stem is available in 30 foot lengths. The minimum outside 
diameter should be 4 inches. Thick walled steel pipes 
may also be used and, for exceptionally heavy loads, 
it may be economical to use steel H= piles. 

Driven steel piles should be designed on the 
basis of an allowable skin triceontof B00" psi. 

Where possible, all buildings should be placed 
clear of the finished ground surface so as to leave 
an air space equal in height to 1/10 of the width of 
the building with a minimum height of 3 feet. Where the 
building is more than 50 feet in width the height of 
the’ air space can be Steet. Therfloors of all) buildings 
should be insulated. A gravel pad should be placed 
under all buildings which are clear of the ground. The 
function of the gravel pad is to ensure that no water 
is allowed to run under the building or to remain there 


at any time. 
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Whereothie Marin floor ory the buiioing wae co 
be placed at grade level, settlements of the floor should 
besexpected. 9 For offices: and wechoolsiithe main floor 
should be supported structurally by the foundation and 
snoula snot rely on ‘the: subgrade: for Support, Basements 
can be provided for houses but it will be necessary 
to support the basement wall on piles. The basement 
floor slab. should preferably be a istructural floor. 
Le tne basementerloor slab aseto irestrony the suborace, 
some settlement must be anticipated by the designer. 

If heavy trucks or equipment are to be over- 
hauled or maintained in a garage, a pile foundation 
for the floor would probably not be economical due to 
the heavy: SEructural loadss win! thasecaseethe building 
can be seated on a gravel pad. The walls of such buildings 
should be supported on piles. Relevelling of the garage 
ShooOr Gan, bevcarrreds Out iat: pemiodic. Interva lisiam 
a concrete i loor as placed anasuchiva building, ~2temuse 
be entirely separate from the walls and columns and 
should be cast in relatively small sections. 
Site Grading 

In order to ensure that a supply of water 
required for frost heaving is not made available, the 
sites of all buadings cshould) be ?qnadedyso rasy torsied 


excess water from rain or snow melt as quickly as possible. 


me eR or 


Fill 

Fill placed beneath structures, or in parking 
Or material storage areas, should be compacted as well 
as the available equipment permits. It is imperative 
that rain or melt water should not be permitted to form 
channels but should leave the site as close to the surface 
as possible. We suggest. that gravel f111 should be 
placed in layers of 6 inches and should be compacted 
by "means of vibratory rollers... ‘Cobbles@larger than 
6 inches in diameter should be rejected from all fill 
as these stones will work their way to the surface by 
Erost faction, 
Roads 

In the latitude of Norman Wells, studies have 
shown that the permafrost table will degrade beneath 
the embankment no matter to what height the embankment 
is constructed. Investigations along the Canol Road 
have shown that the degradation of the permafrost beneath 
a conventional highway embankment will reach a depth 
of 30 feet in less than 25 years. Where there has been 
a considerable thickness of peat left beneath the embankment, 
the degradation of the permafrost took place at a much 
slower rate iso that, din a period iof 25) years, “the depth 
of degradation was a little as 12 feet. 

The design and construction procedures of 


road embankments in the Norman Wells area should be 


Sea 


based upon the assumption that some settlement due to 
degradation of the permafrost is inevitable. Degradation 
will proceed relatively rapidly at first and will then 
Slow own. The depth to the permafrost table from the 
base of an embankment is roughly in proportion. to the 
square root of time since construction commenced. This 
means that the time for degradation to reach a depth 
OL 20) feet will, besfour times the time required! for 
degradation to reach a depth of 10 feet. 

It has been our experience, that for the area 
of this study, the highest ice contents are usually 
found just below the permafrost table. It must therefore 
follow that any degradation of the ground surface due 
to melting of the permafrost will be extremely rapid 
aneathewiirse slew vears following construction and will 
then proceed less rapidly until rate of degradation 
is imperceptible. 

As leaving the surface peat layer intact will 
Not prevent degradation but only retard it, the only 
advantage in leaving such peat beneath an embankment 
would be to prolong the time taken for surface subsidence 
to occur and this may be of some benefit in maintenance 
programs. Where high ice content soils are encountered 
within the subgrade, settlement of the embankment must 


be anticipated and must be provided for in the design 


“mh A. oS 


and in planning of maintenance: programs 7 sPrevious exploration 
programs an thas area Nave Tevealed occas onal ougied 
blocks of clear ice. We do not recommend attempting 
to locaee such buried ice’ masses buy ratnrere re, accepe 
the, posstbality that they may occur. 

Ditches can be used for surface drainage although 
the possibility of erosion due to melting of ‘ground 
ice is a possibility in some locations. Where the bottom 
of a ditch penetrates into a layer of sand or silt severe 
erosion may occur on even moderate slopes. Erosion 
of the ditches can be prevented by lining them with 
Gravel or by running the ditch paralle® to the contours 
so that the gradient in imperceptible. 

the local “clay viLllewi ll “generally sor a 
good material for road embankments. However, difficulties 
may arise during construction due to the short season 
and occasional occurrences Of hich 2ce contente 2m the 
borrow. The material that could be used for embankinents 
include the relatively soft bedrock which can be found 
at the existing quarry in Kee Scarp. 
Miscellaneous 

A general study of problems associated with 
highway design and construction in the Norman Wells 


area was prepared by this office for the Department 


ee Ae 


Of Publi cewWworks of Canada. 


This study is contained 
in Volume II of 


Geotechnical Investigation, Mackenzie 


Highwayqgerase 544 to Mile 635" dated pril 20, 1973. 
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LAND USE AND DEVELOPMENT CONTROLS 


Recommendations and proposals for the future development of 
Norman Wells were presented in the main report. Those proposals 
included the development of the existing site and/or the 
development of a new townsite, both ey Poneeseene a Lu Wrange 

of urban uses. The scale and nature of development are 

large and wide enough to necessitate relatively strict control 
of development to ensure that the community is built up in the 
most orderly and economical manner to the benefit of its 
residents. To achieve this control, we recommend the establish- 
ment of zoning and development controls following the adoption 
of one or other alternative for development. As a guide to 
Council and the admininstration for the implementation of such 
controls, presented here are proposals for land use designations, 


standards and zoning. 


The Design Concept Plans established the extent and areas of 


the following land use categories: 


a) residential qd) recreational 
b) commercial e) industrial 
c) public and semi-public f) highway services. 


The following proposals or regulations forming the basis of 
the proposed bylaw should apply to development within those 


various categories or zones. 


A. Residential 

In order to provide adequate housing and prevent overcrowding 
the size of new buildings when allocated should be related to 
the family size. The dwellings should provide adequate storage 


Hpeas and spacious porches, Front and rear, to reduce 
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the impact of wind and low outside temperatures. They should 
provide adequate working area, heat and light; and should have 
provision for eventual, if not immediate, connection to piped 
utilities. Meanwhile sufficient and hygienic indoor water 
storage! and toilet: facilities should be provided.) (In order to 
give proper separation of buildings for privacy and fire 
protection each single-family house should be located on its 
own properly defined lot. The lot should be kept in a clean 
condition to prevent ground contamination and to enhance the 
physical appearance of the community. Within the residential 
area land may only be used for the following purposes: 

1) Single-family dwelling. 

2) Single persons' accommodation. 

3) Auxiliary buildings related to the occupational 
pursuits of the residents including small warehouses, 
workshops, storage sheds and garages. None of these 
buildings should be located in front yards and all 
should conform to fire regulations. 

4) Utility installation and facilities necessary for the 
residential use. 

5) Mobile homes and multiple housing accommodation if 
approved for location and siting by “the planning 
authorities of the Government of the Northwest 


Territories. and the local Council. 


To allow for the protection of safety and privacy of adjacent 
residents and other developments each residential building 


shall have: 


i) Minimum front yard or note less than ls etece. 
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2) A rear yard of at least 20 feet, unless otherwise 
required for installation of utilities and approved 
Dypterriatorial Fire: Marshal. 

3) Side yards and separation between buildings as 


Established by the Territorial Fire Marshal. 


B. Commercial 
Land in the commercial area may be used only for the following: 
1) Retail stores. 
2) Service-types of commercial development. 
3) Residence, warehouse and storage servicing related 
to permitted commercial development. 
aye (Public utility installation. 
5) Such other commercial development as will not cause 
fire hazards, nuisance, or impose unsightly conditions 


upon adjacent residence. 


The standards of development applicable in the commercial 
area would be: 

1) Each commercial building may be built to the front 
properly line. 

2) Each commercial building shall be at least 20 feet 
distant from the rear property line unless otherwise 
conditioned by provision of utilities and authorized 
by the Territorial Fire Marshal. 

3) Side yards shall be provided in accordance with fire 
regulations. 

4) Any indoor and outdoor storage of goods and materials 
must provide for adequate fire separation and shall be 
SCariied Out In an orderly manner. 


5) No storage or handling of materials and/or goods which 
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by reason of excessive odor, dust or other nuisance 
could adversely affect residential comfort shall be 
allowed unless in a manner which would eliminate 


or minimize the adverse effects. 


C. Public and Semi-Public 
Land in the public and semi-public areas may only be used for: 
1) Administrative and community buildings. 
2) Educational buildings. 
3) Health buildings and facilities. 
4) Churches, hostels and similar facilities. 
5) _Publve Utility instailataons. 
6) Living quarters, whether a part of or separate 
from the main building. 
7) Auxiliary buildings related to the above uses but 


which are not of an industrial nature. 


All buildings in this land use category shall conform to the 
minimum set-backs and yards at the standard and depth applicable 
to residential development. All auxiliary buildings shall 
conform to the same set-backs and yards applicable to the main 
building. All outdoor storage shall be kept in an orderly 


manner. 


D. Recreational 

Land in the recreational or park areas shall be used only for: 
19> “Sports fireld. 
2) Playground. 
3) Park. 


4) Public sports and recreational buildings and facilities. 


aoe 


Only sports and recreational equipment and facilities shall 

be allowed in the park and recreational area. No storage 

of materials, whether public or private shall be allowed 

nor should buildings be erected unless part of the recreational 


Facts Liy. 


E. fight Industrial 


Land in the light industrial area may be used only for the 
following: 
PiePuOLicCwmt iid bes candi lant, 
2) Warehousing and light manufacturing. 
3) Repair establishments. 
4) Wholesale storage. 
5) Yards and enclosures for equipment and material 
Secorage. 
Gjrebpocks and landing strips. 
7) wAuxiliary buildings related to primary use. 
8) Such other development as, according to the judgement 
Of the Council and: administration is of a similar’ nature 


to the above. 


All buildings in this land use category shall have a minimum 
set-back or yard of the standard and depth applicable to 
commercial development. All auxiliary buildings shall conform 
to the same set-backs and yards as applicable to the main 
building. Outdoor storage shall be placed in such a manner 
that it does not obstruct access to the rear of lots. Safety 
measures, building set-backs, etc. shall be strictly enforced 
with regard to fire hazards. The appearance of buildings and 


outdoor storage shall be well-maintained and should not be 
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allowed to become unsightly. No industrial development which 
creates a considerable nuisance (odor, noise, smoke, etc.) 
shall be permitted in a location where it could adversely 


affect adjoining developments. 


FE, Highway Service Area 


Land in the highway service area shall be used only for those 
uses serving the travelling public and/or highway maintenance 
and including the following: 


1) Hotels, motels and other drive-in establishments. 


2) Highway maintenance yards. 
3) Trucking establishments. 
4) Storage areas related to highway maintenance and 


operation. 
5) Service stations and automotive servicing establishments. 


G) “Public -UtTerey sinstallatrons: 


The standards of development shall be similar to those 


applicable in the commercial and instrial areas. 
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